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INTRODUCTION AND OBJECTIVES 

The extensive deposits of oil shale in the Green River Formation have 
been looked upon as a potential source of oil for many years. Recent problems 
in energy supplies have focused attention on commercial development of the oil 
shale. Prior to commercial development of this energy source, extensive 
environmental baseline studies are needed. An essential part of a baseline 
study concerns the soil. 

Both the chemical and physical properties of the soil are important in 
determining what plant species will survive and how productive the surviving 
species will be. The quality of plant material is another important considera- 
tion. Some soils may contain certain chemical constituents which can be 
absorbed and accumulated by plants. When such plants are ingested by 
herbivores, sickness or death can result. Soils used in reclaiming mined 
areas should be free of toxicants and should be capable of supporting the 
quantity and the quality of vegetative material that existed prior to the disturb- 
ance. 

The federal government has leased several tracts of land for possible 
oil shale development in the Piceance Creek Basin of the Green River Forma- 
tion. The following soil study was conducted on oil shale Tract C-a and on 
adjacent areas that may be used inthe mining process. Tract C-a is located 
approximately 30 miles northwest of Rifle, Colorado in the southern part of 
Rio Blanco County. This soil study is part of an extensive environmental 


study directed by the Rio Blanco Oil Shale Program (RBOSP). 
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The objectives of this soil program are as follows: 

1, to determine the chemical and physical traits of the soils 

of Tract C-a and of adjacent areas prior to any significant 
disturbance by man, 

2. to describe and to map the soils of Tract C-a, 

3. to determine the location and the amount of soil (topsoil) 

material suitable for use as a top dressing on areas 
disturbed in the mining process. 

In pursuance of these objectives, 352 soil samples were taken during 
the spring and summer of 1976. The soils were subjected to extensive labora- 
tory analyses. Samples also were taken of the processed oil shale and analyzed 
in the same manner as the soil samples. Soil mapping and description also 


were carried out during the late spring and summer of 1976. 

Appreciation is extended to Dr. Sterling Olsen, Soil Scientist and 
Research Leader, Agricultural Research Service, Fort Collins, Colorado 
for his technical assistance in the preparation of this report. Appreciation 
is also extended to Mr. Clayton Speers, Soil Conservation Service, Grand 
Junction, Colorado and to Mr. W. Pat Tripp, Soil Conservation Service, 
Meeker, Colorado for their assistance in the field description and classifi- 


cation of the soils of the study area. 
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SUMMARY AND CONCLUSIONS 

The chemical and physical properties of the soils of Tract C-a and of 
adjacent areas are typical of semi-arid regions in the western United States. 
Saline and sodic materials were found in the study area, but these traits appeared 
to affect plant growth only when they were of relatively high magnitude and when 
they occurred within the first 50 cm of soil. The concentration of macro- 
and micronutrients were generally within the ranges expected. However, 
some sampling sites had unusually high concentrations of nitrate or molybdenum. 
Trace element concentrations were within the ranges considered normal for 
surface soils and nontoxic to plants and animals. Selenium was the only 
exception, and three sampling sites contained more plant-available selenium 
than is normally found in soils of semi-arid regions. The levels of back- 
ground radioactivity were low and within the range considered nonsignificant 
to living organisms. Physical analyses pointed out that most of the soils 
of the study area were of coarse to medium texture and had the potential 
to retain sufficient water and nutrients for normal plant growth. 

Many soil traits displayed an increase in concentration as depth increased. 
Salinity, pH, exchangeable sodium percentage, organic matter, and many plant 
nutrients increased significantly in concentration with increasing depth. Trace 
elements and physical properties were generally constant as depth increased. 

In general, vegetation did not appear to significantly affect soil 
traits. However, greasewood was found to occur on saline, sodic, and 


strongly alkaline soils. Nitrate, sulfate, and selenium were also unusually 
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high where greasewood dominated. A limited investigation of soils under 
individual pinyon pine trees and in open areas suggested that pinyon pine 
significantly influences many soil traits. 

Soil traits of Tract C-a alone and of 84 Mesa alone were very similar 
to those of the entire study area. However, soils found on 84 Mesa were 
higher in electrical conductivity and contained higher concentrations of 
most water-soluble macronutrients than the soils of the study area. 

Nine soil series were found in the study area. These series were 
mapped and an individual profile within each series was described. A 
comparison of the chemical and physical properties demonstrated that these 
soil series had very similar characteristics, with the exception of the 
Torriorthent series. Soils of this series were saline, high in water-soluble 
macronutrients, and generally high in the concentration of trace elements. 

The depth and location of topsoil suitable for use in reclamation was 
determined. Topsoil depth ranged from 0 to 150 cm. Rock was the most 
common limiting factor to topsoil depth. In some areas, the presence of 
sodic or saline material limited the depth of topsoil. 

Processed oil shale was analyzed and evaluated for use as a sub- 
surface medium for plant growth. This shale was found to be highly saline, 
sodic, and high in plant-available molybdenum, It appears that these traits 
will not significantly reduce seed germination and plant growth if at least 
50 cm of suitable topsoil (as found on Tract C-a and on 84 Mesa) are applied 


to the processed shale surface. 
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METHODS 

THE SLUDY AREA: 

Intensive soil sampling was conducted on Tract C-a and 
an area to the northeast known as 84 Mesa (see Figure 1). Scattered samples 
were taken along Cathedral Bluffs and in areas south and east of Tract C-a. 

This study area is characterized by northeast trending canyons and 
ridges. Valley floors are narrow, canyons are steep, the ridges 
are broad and flat to undulating. The elevation of Tract C-a ranges from 
6,600 feet in Corral Gulch to 7,400 feet on the ridges near the southwest 
portion of the tract. The elevation of 84 Mesa is approximately 6,500 feet 
and the sampling areas on Cathedral Bluffs were slightly over 8, 600 feet. 
Annual precipitation in the study area ranges from approximately 12 to 24 
inches. Approximately 50 percent of the precipitation occurs as snow from 
December to April. Precipitation in late spring and fall is minimal. 
Summer is characterized by infrequent, but intense, convection storms. Big 
sagebrush and pinyon-juniper are principal plant communities of this area. 
FIELD METHODS 

Several criteria were used to determine the location of each soil 
sampling site. Many locations were chosen because they typified the soil series 
under study. Other sites were sampled because the soil supported a particular 
type of vegetation. Sampling sites were also located at potential monitoring sites. 
Some of these sites were located several miles from Tract C-a. These area may 


serve as a control to evaluate changes in baseline conditions. Other stations 
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were located in areas that may receive pollution from the proposed mining 

and processing activities. These areas may serve as a control to evaluate 

changes from baseline conditions. Finally, sampling on some areas was 

conducted to determine the depth of topsoil that could be removed and later 

used in reclamation. Sampling sites were flagged and assigned a number. 
A backhoe was used to dig a trench approximately 54 deep, 18 in. 

wide 5 ft long. Sampling pits were hand dug in areas not accessible to a 

backhoe. Prior to sampling, the pit wall was scraped to remove possible 

contamination from the bucket of the backhoe. Samples were carefully extracted ° 

to equally represent all portions of the sampling interval. However, in pits con- 

taining considerable rock, the sampling was confined to unconsolidated areas of 

the sampling interval. To a limited extent, roots and organic debris were 

removed from the sample. Each sample was placed in a cloth bag and Ad 

immediately air-dried. The sampling area was described as to slope, 

aspect, dominant vegetation, and other pertinent factors. A color photo- 

graph was taken of the sampling pit. A tagged steel stake was driven in at 

the sampling location and another longer stake was placed near the road or 

in some other visible location. The sampling pit was then filled (with the 

surface material being placed back on the surface), packed, and seeded. 

Prior to leaving any given site, a sample of the dominant vegetation was 


taken. This sample was air-dried and retained for chemical analysis. 
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Sampling of depth intervals were of two types. Most samples 
were taken at the following specified depths: 0-10 cm, 10-50 cm, 

50-100 cm, and 100-150 cm. Of the 352 samples collected, 312 were 
collected by specific depths. The second type of sampling was based 

on soil horizons. At a point that was considered representative of the soil 
series under study, a sample was taken of each soil horizon down to a depth 
of 150 cm. This type of sampling was conducted at 9 locations and 40 soil 
samples were collected in this manner. 

Where sampling was done on the basis of soil horizon, a description 
was made of each soil horizon and other pertinent information about the soil 
series collected. Mr. Clayton Speers (Soil Conservation Service, Grand 
Junction, Colorado) and W. Pat Tripp (Soil Conservation Service, Meeker, 
Colorado) aided in the soil description and classification. These two individ- 
uals are largely responsible for the soil mapping and classification in this 
part of Colorado. 

A preliminary soils map was made using recent aerial photographs 
and the soil map prepared by the Soil Conservation Service. This map was 
then refined on the basis of field reconnaissance and soil sampling. 
LABORATORY METHODS 

Sample Preparation 

The air-dried samples were passed through a 9-mesh sieve (2 mm) 

and the screen undersize retained for analysis. Unincorporated organic 


matter (roots, leaves, twigs, etc.) were removed during sieving. Each 
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sample was then blended and split for chemical and for physical analyses. 
The material for chemical analysis was ground to a 150 mesh size. 

Eight samples of processed oil shale were taken from a large sample 
supplied by the Rio Blanco Oil Shale Program. These samples were then 
treated in the same manner as the soil samples. 

Chemical and Physical Analyses 

Standard agronomic methods were used, as far as possible, in 
analyzing the samples. When possible, a plant available method was used 
to determine trace element concentrations. However, laboratory procedures 
for measuring the availability of some trace elements to plants have yet to be 
developed. In the absence of reliable methods, the total trace element concen-~ 
tration was determined. 

A list of the laboratory methods employed and the reference from 
which the method was taken is found in Table 1. 

STATISTICAL METHODS 

When appropriate, standard statistical methods as described by Steel 

and Torrie (1960) were used to evaluate the data. The 5% level was used in 


determining the significance of statistical tests. 
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TABLE 1 


Chemical and Physical Analytical Methods for Soils 


Method 


This is measured ina solution of 1 
part soil to 2 parts deionized water. 


pH is measured ina 0.01M CaCl, 
solution, 1 part soil to 5 parts 
solution. 


Electrical conductivity is measured 
on water extracted from the sample. 


The ability of soil particles to retain 
cations is measured. 


Diethylenetriamine penta-acetic acid 
(DTPA) is used to extract plant- 
available iron. 


Same as above. 
Same as above. 
Same as above. 


The sample is decomposed and total 
fluoride determined by the specific 
ion electrode. 


Same as above. 


Organic matter is oxidized by 
K,Cr,O7. 


This is determined by a barium 
chloride-triethanolamine method. 


The sample is saturated with , 
gypsum. The calcium and mannes- 
ium in solution are then measured. 


Total arsenic is determined bya 
gaseous hydride method. 


The sample is decomposed by min- 
eral acids and total cadmium is 
read by atomic absorption. 


Same as above. 
Same as above. 


Total mercury is determined by a 
manual cold vapor technique. 


Plant available phosphorus is deter- 
mined by the NaliCO, soluble method, 


Tota! phosphorus is measured after 
the soil has been treated with per- 
chloric acid. 


Ammonium acetate is used to 
extract the sodium, the sodium is 
then determined by atomic adsorp- 
tion spectrophotometry. 


Reference 


~ American Society of Agronomy (ASA) 


Monograph No. 9, Methods of Soil 


Analysis, Method 60-3.4, p. 922-923. 


ASA Agronomy Monograph No. 9, 
Method 60-3.5, p. 923. 


"American Society for Testing and 


Materials (ASTM), Publication STP 
479, p. 288-290. 


ASA Agronomy Monograph No. 9, 
Method 57-3, p. 899-900. 


Follett, R. HH. and W.1. Windsay,, 
1971. Changes in DTPA extract- 
able zinc, iron, manganese, and 
copper in soils following fertilization. 


Soil Sci. Soc. Am. Proc. 35: 600-602. 


Same as above. 
Same as above. 
Same as above. 


ASA Monograph No. 
p. 1138-1139, 


9, Method 82-2, 


Same as above, 


ASA Monograph No. 9, Method 90-3, 


p. 1372-1376. 


ASA Monograph No. 9, Method 61- 


Goa po S4ouy4eh: 

Diagnosis and Improvement of Saline 
and Alkali Soils, U.S.D.A. Handbook 
No. 60, Method 22D, p. 104-105. 


U.S. EPA Methods for Chemical 
Analysis, p. 9-10. 


Same as above, except p. 101. 


Same as above, except p. 105. 

Same as above, except p. 107. 

Same as above, except p. 118-126. 
ASA Agronciny Monograph No. 9, 
Method 73-4.4, p. 1044-1047. 

ASA Monograph No. 9, Method 73-2, 


p. 1036-1037. 


ASA Apronomy Monograph No. 9, 
Methods 71-3.2, 72-3.2, p. 1026- 
1027, p. 1033-1034. 


Detection Limit 


0.1 mmhos/cm 


0.1 MEQ/100 g 


1.0 ppm 


0.5 ppm 
1.0 ppm 
0.2 ppm 


1.0 ppm 


1.0 ppm 


- 0% 


wt 


0.2 MEQ/100 g 


1.0 ppm 


0.5 ppm 


5.0 ppm 


1.0 ppm 


10 ppb 


1.0 ppm 


1.0 ppm 


0.01 MEQ/100 g 


Analysis 
Lead 


Nickel 


Potassium 


Molybdenum 


‘ 
Sodium 


i 


Potassium 


Calcium 


Magnesium 


Sulfate 


Boron 


Ammonium 


Nitrate 


Vanadium 


Antimony 
Selenium 


Background 
radiation 


Texture 


Water-holding 
capacity 


Bulk density 
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TABLE 1 -- continued 


Method 





Same as above. 


Same as above. 


Same as above. 


Plant-available molybdenum is deter- 
mined by an anion risen extract. 


The sodium is extracted by water (1 
part soil to 2 parts water) by atomic 
absorption spectrophotometry. 


Same as above. 


Same as above. 


Same as above. 


Same as above. 


The soil sample is leached with 
water as above and the boron 
determined by spectrophotometic 
methods. 


A steam-distillation method is used 
to determine exchangeable ammon- 
ium. 


A chlorimetric phenoldisulfonic 
acid method is used. 


Total vanadium is determined by a 
chlorometric method (acid decom- 
position). 


Total antimony is determined by a 
potassium pyrosulfate fusion method, 


Plant-available selenium is deter- 
mined ona water extract. 


Fach sample is analyzed for the fol- 
lowing: 

Uranium 

Equivalent Uranium 

Equivalent Thorium 

Potassium Radioactivity 

Radium 


The sample is dispersed in water and 
readings taken during a 24-hr period 
using a hydrometer. 


The sample is saturated with water, 
pressure is applied, and the sample 


weighed when equilibrium is attained, 
A cylinder of known volume is pushed 
into the soil. The soil is extracted, 


dried, and weighed. 


. soil profiles. 


Reference 


Swaine, D.J., and R.L. 
1960. 


Mitchell, 
Trace-element distribution 
Jour. Soil Sci. 11: 
347-367. 


Same as above, 


ASA Monograph No. 9, Methods 71- 
3.2, 71-4, p. 1026-1027, p. 1027- 
1030. 


*Soil Science, Vol. 100, No. 8, 1965, 
p. 309-318, except that a modified 
procedure developed by Dr. S. R. 
Olsen is used to prepare the analysis 
solution, 


ASA Monograph No. 9, Method 62- 
3.3, p. 944-945. 


Same as above. 


ASA Monograph No. 9, Method 62- 
3.2, p. 941-942. 


Same as above. 


ASA Agronomy Monograph No. 9, 
p- 1108-1110. APHA, AWWA, 
WPCF, Standard Methods for 
Examination of Water and Waste- 
water, 13th Edition, p. 334-335. 


ASA Monograph No. 9, Method 62- 
3.6, p. 949-951. ; 


ASA Monograph No. 9, 
3, p. LIQT=1206. 


Method 84 - 


ASA Monograph No. 9, Method 84- 
Sper l2ne=i2or 


Anal. Chim. ACTA, 
p. Wai. 


1964, Vol. 31, 


U.S. EPA Methods for Chemical 
Analysis. p. 94. 


ASA Monograph No, 9, 
SS spin Lhe 27. 


Method 80- 


Adams, J.A.S. and P. Gasarani, 
1970, Chapter 5. 


ASA Monograph No. 9, Method 43- 
5, p. 562-566. : 

ASA Monograph No. 9, Method 8- 

2). ae pis LSA. 

Hillel, D., 1971. Soil and Water, p. 
10, 


Detection Limit 


0.5 ppm 


0.2 ppm 


5.0 ppm 


0.1 ppm 


0.01 MFQ/100 g 


0.4 ppm 


0.4 ppm 


0.4 ppm 


5.0 ppm 


0.1 ppm 


0.3 ppm 


0.1 ppm 


10 ppm 


1,0 ppm 
10 ppb 


1.0 ppm 


1.0% 


Ons g/cm? 
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RESULTS AND DISCUSSION 

The results and discussion are divided into 6 major sections. Soil 
properties of the study area based on the 312 soil samples taken by specific 
depths are discussed in the first section. The next two sections consider 
separately the traits of Tract C-a and of 84 Mesa. A description of each 
soil series that occurs in the study area is presented in the fourth section. 
Most of this discussion is based on the 40 samples taken on the basis of soil 
horizon. The fifth section evaluates the soils for use as topsoil in reclamation 
efforts. The last section discusses the properties of spent shale and how these 
properties might influence plant growth when the spent shale serves as a subsoil. 
SOIL PROPERTIES OF THE STUDY AREA 

General Soil Properties 

The following discussion considers general soil properties of the entire 
study area (as shown in Figure 1). Mean, range, and standard deviation of each 
parameter are presented in Table 2. The range and standard deviation demon- 
strate considerable variation within most parameters measured. This variation 
was expected and was due to the high degree of natural variation between the soil 


types sampled. 


pH 


Plants and soil microorganisms respond strongly to their chemical 
environment, soil reaction (or pH) is an important chemical trait of soils. 
This trait is particularly important to plants because it influences the 
nutrients available for plant absorption and the concentration of toxic ions. 
In general, the soil is acid where precipitation is high enough to leach 


appreciable amounts of exchangeable bases from the soil and the soil is 
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alkaline where precipitation is generally insufficient to leach the exchangeable 
bases (especially calcium, sodium, and magnesium) from the soil. 

The pH values (in water) for the study area range from slightly acid 
(6.9) to highly alkaline (9.9). The alkaline nature of almost all of the soils in 
the study area was expected and is typical of areas with low rainfall. Approxi- 
mately 14 percent of the soil sakes had a pH value greater than 8.9. These 
high pH values indicate that the sample contained alkali salts which might inter- 
fere with plant growth. Areas of alkali salt concentrations are identified and 
discussed in the section on exchangeable sodium percentage. 

The measurement of pH in a calcium chloride solution has several 
advantages over the measurement of pH in water: 1) the pH determined in a 
calcium chloride solution is independent of silution over a wide range of soil- 
to-solution ratios, 2) the observed pH is essentially independent of the initial 
amount of salts present in the soil, and 3) the measured pH more nearly reflects 
the pH of the soil solution under field conditions. The values determined in a 
calcium chloride solution are about 0.5 pH units below the pH determined in 
water (Peech 1965). With this method, the pH in the study area ranged from 
6.1 to 9,2 and averaged 7.8. These values are considered typical for semi- 
arid parts of the West. 

The accurate way to express an average pH value (a logarithm) is to 
first convert pH to the hydrogen ion activity (an antilogarithm) for each 
observation, find the average hydrogen ion activity, and then convert this to 
the logarithmic pH. When an arithmetic average is calculated directly from 
from the pH values (as was done for data cited above) an error is introduced 


and the resulting pH is higher than the actual value. However, when pH 
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values fall within a rather narrow range, this error is slight. Over 
50% of the samples taken in the study area had a pH value between the 
narrow range of 8.0 and 8.6. 

Soluble Salt Electrical Conductivity 

The concentration of dissolved salts in the soil is measured by the 
electrical conductivity of the soil solution. When conductivity of such a 
solution exceeds 4.0 mmhos/cm, the soil is classified as saline. Saline soils 
contain sufficient concentrations of soluble salts to restrict the growth of many 
plant species. However, plant response to saline conditions is species dependent 
(Hayward and Wadleigh 1949; Richards 1954). 

Two measurements of soluble salt electrical conductivity were made on each 
soil sample. One measurement was made on the water extract obtained when one 
part of soil was mixed with two parts of water. The second measurement of 
conductivity adjusted the former value to reflect the concentration of soluble salts 
in a soil saturated with water. This second parameter has been correlated with 
plant growth and is the basis of the following discussion. 

The electrical conductivity of the study area ranges from less than 
1.0 mmhos/cm to a high of 59 mmhos/cm. When the electrical conductivity 
exceeds approximately 15.0 mmhos/cm, few plant species can survive, and 
those that are able to grow may be restricted in their yield (Barth, 1976). 


The highly saline samples are listed as follows: 
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Electrical 


Site Sampling Conductivity 
No. Depth, em mmhos/cm 
is 0-10 29.4 

IRS 10-50 Syv)en) 
44 100-150 14.5 
47 100-150 39230 
48 50-100 18.0 

50 100-150 29.6 

Bill 50-100 2355 

61 100-150 41.6 

66 0-10 20.0 

66 10-50 39.4 
66 50-100 19e6 

71 10-50 18: Z 

74 50-100 16.6 

74 100-150 ils 2 


With few exceptions, these highly saline samples occurred in the 50-100 cm or 
100-150 cm sampling interval, and the 0-10 cm and 10-50 cm intervals were 
either nonsaline or slightly saline. The general absence of highly saline material 
at or near the surface apparently mitigates the detrimental effects of salts on plant 
growth. Sites 44, 47, 48, 50, 51, 53, 61, and 74 supported vegetation that 
was similar (in terms of species and visual density) to sites where 
highly saline subsurface intervals were not found. When the highly saline 
interval was at the surface or in the 10 to 50 cm interval (as is the case on 
sites 13, 66, and 71), plant species composition reflected the presence of the 
salt. Shadscale dominated two of these sites with the remaining site (site 66) 
being dominated by rye grass. Both species appear salt tolerant. 
Cation Exchange Capacity 

The cation exchange capacity is the sum total of exchangeable cations 


that a soil can absorb. Clay minerals and humus account for essentially all 
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of the exchange capacity of a soil. When the average cation exchange capacity 
of the study area was related to the percentage clay, the exchange capacity is 
approximately 250 meq/100 g. This relatively high exchange capacity indicates 
that montmorillonite is the dominant clay mineral and that soil humus accounts 
for a substantial amount of the exchange capacity. Montmorillonite is the clay 
mineral most commonly found in semi-arid regions. 
Exchangeable Sodium Percentage 

The exchangeable sodium percentage (ESP) expresses the percentage of 
sodium ions on the soil exchange complex. When this percentage exceeds 
15.0, the soil is termed sodic (or alkali). Clay particles in a sodic soil repel 
one another and create a dispersed condition. Water penetration into a dis- 
persed soil is very slow, thus increasing the erosion potential and reducing 
the amount of soil water available for plant use. Sodic soils may restrict 
root elongation and development due to 1) the dispersed condition, 2) the 
poor soil structure, 3) the restricted water movement into and through the 
sodic soil, and 4) the poor aeration sometimes found in sodic material. A 
given level of ESP is more detrimental to plant growth in a soil with a high 
percentage clay than with a low percentage clay. This is due to the greater 
degree of particle dispersion in a clayey soil than in a sandy soil (Pearson 
and Bernstein 1958; Pearson 1960). 

Mean ESP for the study area was 5.0 and ranged from less 
than 1 to 53 (Table 2). Sodic intervals were found on 25 sampling 
sites, and 11% of the samples collected were sodic. These sodic intervals 


are as follows: 


COMO IRIADIO SSICIH/OlOIE (OR MAINIES! (RIESIEVAIRICH TINSilimeUtVE Ef 


Site Sampling Site Sampling 

No. Depth, em ESP No. Depth, cm ESP 
12 100-150 Wie 41 50-100 192s 
1S} 0-10 53 5 42 50-100 43.2 
WS} 10-50 Oe. 42 100-150 48.5 
i) 50-100 ZS 44 100-150 21.4 
19) 100-150 36.1 45 10-50 3601 
20 100-150 34.4 45 50-100 48.2 
21 50-100 _ Seo 47 50-100 28.4 
ZA. 100-150 42.1 47 100-150 17.10 
2Z 50-100 eis) 51 100-150 SS ique) 
Ze 100-150 36. 7 52 50-100 2.9 
23 100-150 16. 0 58 100-150 Zoe 
24 50-100 SZ 61 50-100 Zou 
24 100-150 Zoe 0 63 50-100 43.0 
25 50-100 226 5 66 50-100 19.3 
26 50-100 5G 1 74 50-100 18.5 
30 50-100 296 74 100-150 16.4 
36 50-100 15.4 7 50-100 [965 


In only 3 of the 34 samples did a sodic layer occur in the 0-10 cm or 10-50 cm 
interval. Apparently, the sodic condition is not generally found at depths 
shallower than 50 cm. It is probable that this sodic condition is a trait of 

the parent material. The soils in the study area are shallow and in almost 

all cases parent material is encountered in the 50-100 cm sampling interval. 
Sodium that may have been in or near the surface probably leached out or was 
replaced by other salts. 

The subsurface sodic intervals appear to have little effect on the 
vegetation. Pinyon-juniper or sagebrush dominated most of the sites where 
sodic intervals were found. Vegetation on these sites appeared to be the 
same as the vegetation found on sites where sodic intervals were not present. 
On sites where the sodic intervals were at the surface or in the 10-50 cm 


interval (as on sites 13 and 45) the vegetation was greasewood or shadscale. 
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Apparently, these shrubs are adapted to sodic conditions. 

With only one exception, the sodic soils were either a loam or a sandy 
loam and contained less than 15% clay. Therefore, the ESP is not as restrictive 
to plant growth and water infiltration as might be inferred from the numerical 
value. 

Sodic soil can be converted to a nonsodic status through the application 
of various chemical ammendments. These ammendments, directly or indirectly, 
add water soluble calcium to the soil. This calcium then replaces the sodium 
held on the exchange complex of the soil. The soil is then leached to remove 
the sodium which is now in a water soluble form. Of the various amendments 
available, gypsum is the most common and least expensive (Barth 1976). 
Plant Macronutrients 

Of the elements necessary for normal plant growth, nitrogen, 
phosphorus, potassium, magnesium, calcium, and sulfur are required in 
relatively large quantities. These elements are referred to as macronutrients. 

Nitrogen. There are three major forms of soil nitrogen: 1) organic 
nitrogen associated with soil humus, 2) ammonium nitrogen associated with 
clay minerals (also termed exchangeable nitrogen), and 3) soluble nitrate com- 
pounds (Brady 1974). Most of the soil nitrogen is in organic form and is slowly 
released, through microbial action, as ammonium and nitrate. Positively 
charged ammonium is attracted and held by negatively charged clay minerals. 
In contrast, nitrate has a negative charge and, consequently, it is highly 


mobil in the soil. Plants are able to absorb both the ammonium and the 
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nitrate forms of nitrogen. However, in most cases ammonium is converted 
to nitrate prior to plant absorption. This nitrification process requires 
nitrifying bacteria, a carbon source, oxygen, water, and favorable ambient 
temperatures. 

The nitrogen level in soils used for crop production is commonly kept 
at approximately 40 ppm (80 lbs per acre). The soils in the study area, as in 
most other natural systems, contained substantially less nitrogen that is advised 
for agricultural soils. The concentration of nitrate plus ammonium averaged 
15. 6 ppm (approximately 31 lbs per acre). While this amount of nitrogen is low 
from a crop production standpoint, it appears adequate for natural systems. 
Plants in the study area were not visually suffering from a deficiency in nitrogen, 
although plant growth may increase if nitrogen were applied to the soil. 

In some locations there were unusually high concentrations of 


nitrate. The following samples contained more than 30 ppm of nitrate: 


Site Sampling 
No. Depth, cm Nitrate, ppm 
5 100-150 165. 0 
13 0-10 62.6 
is 10-50 37.16 
18 50-100 39.4 
44 50-100 94.0 
48 50-100 42.4 
55 100-150 83.6 
TD 100-150 46. 8 
74 10-50 61270 
74 50-100 UIE) 
74 100-150 420.0 


With only one exception, the high levels of nitrate occurred below the soil 
surface. Sites 18, 44, and 74 had been burned within the last 10 years, as 


evidenced by charred sagebrush stumps in the area. An increase in soil 
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nitrate is often noted following burning. Other events are involved a ieee 
accumulation. Nitrification can occur during periods of plant dormancy. 
Without plant uptake, this nitrate is leached from the surface soil and may 
accumulate at deeper depths. The presence of buried soil horizons can also 
be asource of subsurface nitrate. Delwiche (1956) stated that the common 
association of high nitrate levels with arid soils is probably not a result of 

a more active nitrification in such soils, but is related to the general 
accumulation of salts resulting from the evaporation of water. Whatever 
the cause, this subsurface accumulation of nitrate in some sections of the 
study area appeared to have little, if any, affect on plant growth or species 


composition. 


Ate 


Phosphorus. With the possible exception of nitrogen, no other cide 
has been as critical in plant growth as phosphorus. The lack of sufficient ( 
amounts of plant-available phosphorus curtail many physiological processes 
and also prevent plants from obtaining other nutrients. Phosphorus deficiency 
is probably the most critical mineral deficiency in grazing livestock (Allaway 
1975). As with most other plant nutrients, phosphorus is supplied by mineral 
elements in the soil and by organic plant residues. Extractable (or plant 
available) phosphorus in the study area ranged from 1 ppm to 155 ppm and 
averaged 12.7 ppm. Plants normally do not suffer from phosphorus 
deficiency until the extractable level falls well below 10 ppm. Few surface 
soil samples in the study area contained less than 10 ppm of extractable 
phosphorus. The surface soil receives a substantial amount of phosphorus 
from plant residue while the subsoil phosphorus is derived mainly from 


minerals. The two samples containing the highest amount of phosphorus 
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(155 and 130 ppm) were surface soils under the canopy of large, old pinyon 
trees. 

Total phosphorus was also measured on all soil samples. Values ranged 
from 95 to 1549 ppm and averaged 542 ppm. Shacklette, Hamilton, Boerngen 
and Bowles (1971) found that total phosphorus in soils averaged 420 ppm and 
ranged from 20 to 6,000 ppm. Black (1968) cites 620 ppm as the average 
phosphorus concentration in soils. Total phosphorus in the study area was 
within the range cited in the literature as being normal for surface soils. 
Most of the total phosphorus present in soils in unavailable to plants (Brady 
1974) and the measurement of total phosphorus gives no indication of plant 
response to this nutrient. 

Potassium. Most of the potassium in the soil is held as part of the 
primary minerals or is fixed in forms that at best are only moderately avail- 
able to plants. Potassium found in the soil solution and on exchange sites is 
available for plant absorption. This form of potassium ranged from 80 to 
2540 ppm in the study area and averaged 385 ppm. Plants require approxi- 
mately 150 ppm of available potassium for normal growth. Intervals with 
less than 150 ppm of potassium are essentially confined to the subsoil and 
had no noticeable influence of plant growth. 

Macronutrients Measured in Water Soluble Forms. The concentration 
of magnesium, calcium, potassium, sulfate, and sodium were measured in a 
water extract. With the exception of sulfate, these elements also exist in 


an exchangeable form and the water soluble concentration may be only a 
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small fraction of the total amount available to plants. These nutrients are 
rarely deficient in semi-arid environments. More commonly, they are 
present in excessive amounts as salts and limit the ability of plants to 
absorb water. This salinity aspect has been previously discussed. 

As an integral part of the chlorophyll molecule, magnesium is 
essential to all green plants. This element is also essential to animals and 
when forage contains insufficient amounts of magnesium, a disorder known 
as grass tetany can occur in lactating cows (Allaway 1975). Water soluble 
magnesium in the study area averaged 16. 2 ppm and ranged from 0.4 to 
319.7 ppm. These values appear typical of semi-arid areas and suggest 
that the magnesium level is sufficient for both plants and animals. 

The concentration of water soluble potassium averaged 12.2 ppm 
for the study area. This is only 3% of the available potassium, apparently 
most of the plant-available potassium is found on the exchange sites of 
clay minerals and soil humus. 

Since soils of semi-arid regions are frequently rich in calcium, calcium 
deficiencies in plants or animals are rare. Water-soluble calcium ranged 
from 3.6 to 679.0 ppm and averaged 59.8 ppm in the study area. It is probable 
that substantially more calcium exists on the soil exchange complex. 

Sodium is required for the normal growth of some oe such 
as Atriplex vesicaria (Brownell and Wood 1956), but it is not a universal 
plant nutrient. The water-soluble concentrations of sodium in the 


study area and in most areas of the West are ample to meet the 
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requirements of those species requiring sodium. Sodium more often limits 
plant growth through its contribution to soil salinity. 

Sulfur is used in the formation of many proteins and as such is 
essential for both plants and animals. Only 2% of the intervals tested in the 
study area contained less than 10 ppm sulfate. Soils are not considered 
sulfur deficient until the level of sulfate is less than approximately 10 ppm. 
Plant Micronutrients 

Elements which are needed in relatively small amounts by plants are 
termed micronutrients and include the elements of boron, molybdenum, 
copper, iron, zinc, chloride and manganese. For unhindered plant development, 
these micronutrients must be present in amounts sufficient to meet plant 
demands, they must occur in proper balance, and these micronutrients 
cannot be concentrated in amounts which would be toxic to plants or to 
animals ingesting these plants. 

Boron, Boron is essential for plant growth, but the amount required 
is small and if exceeded, this boron is phytotoxic. (plant toxic). Plants vary 
considerably in their boron requirements and in their tolerance to excessive boron 
(Richards 1954). In addition, there appears to be an overlap between 
beneficial and injurious effects of boron, and any conception of an optimum 
concentration of soil boron becomes theoretical and relative to numerous factors 
(Eaton 1944). The boron content of the soils of the study area ranged from 
less than 0.5 ppm to 1.9 ppm and averaged 0.6 ppm. Boron concentrations in 
this range should not restrict plant growth in the study area from either a 


deficient or toxic extreme. 
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Copper. Kubota (1975) found that the total copper concentration in 
soils derived from shales averaged 18.7 ppm. Other authors cite values 
from 14 to 30 ppm as the average concentration of total copper. From 10 
to 50 percent of the total copper in soils is in a plant-available form 
(Mitchell 1964), thus plant-available copper should average from approxi- 
mately 2 to 9 ppm. Extractable copper in the study area ranged from 0.5 to 
13.6 ppm and averaged 1.8 ppm. These parameters suggest that the copper 
concentration in the study area is normal for soil and not restrictive to 
plant growth. 

Manganese. Manganese is an essential component of plant and animal 
tissues and is among the least toxic of the trace elements to animals (Underwood 
1971). However, manganese phytoxicities are not uncommon in very acid soils 
or water-logged soils (Kubota and Allaway 1972), but cases of manganese 
toxicity in undisturbed semi-arid regions of the West have not been observed. 
In prairie soils, extractable manganese averaged 48.7 ppm (Wali and Freeman 
1973). The manganese concentration of the study area averaged 34 ppm and 
ranged from 6 to 214 ppm, with only three of the 312 soil samples having 
more than 100 ppm extractable manganese. The manganese concentration 
in the study area does not suggest the possibility of deficiency or toxicity 
problems. 

iron. While iron is least available in alkaline soils, iron deficiencies 
in nonagricultural areas of the West are probably uncommon. Cases of iron 


toxicities under natural conditions have not been documented (Wallihan 1966), 
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even when the total iron concentration exceeds 5% (Murphy and Walsh 1972). 
Soils in the study area averaged 104 ppm extractable iron and the lowest 
concentration was 12 ppm. Ryan, Stroehlein, and Miyanoto (1975) reported 
that the DTPA extractable iron in rangeland soils was not considered 
deficient until the concentration dropped below approximately 2 ppm. 

Zinc. Extractable zinc in soils commonly ranges from less than 1 ppm 
to 40 ppm, although some plants have been grown on soils containing more 
than 700 ppm extractable zinc with no apparent toxicity (Singh and Steenberg 
1975; Mitchell 1964). Zinc requirements of animals are commonly higher 
than that found in plants, and research indicates that zinc fertilization of 
food and feed crops may be very useful in improving plants as a source of 
dietary zinc (Allaway 1975; Underwood 1971). An extractable zinc level of 
less than 0.8 ppm is considered deficient for crops such as corn, but zinc 
deficiencies have not been reported in noncultivated areas. The DTPA 
extractable zinc in the study area averaged 1.5 ppm and ranged from 0.4 to 
9.0 ppm. While many interval samples had less than 0.8 ppm zinc, at least 
one interval at any given sampling site had more than 0.8 ppm Zinc; in no 
case was the entire plant rooting zone deficient in zinc. Zinc deficiency 
symptoms were not noted in the vegetation growing in the study area. 
However, supplemental forms of zinc may increase animal weight gain. 

Molybdenum. While molybdenum is essential for normal plant develop- 
ment, plants occasionally accumulate large amounts of this element. If 


sufficient amounts of such plants are eaten by ruminants, a nutritional 
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disorder known as molybdenosis develops (Johnson 1966, Kubota 1975). 
Plants growing on wet alkaline floodplains and on alkaline alluvial fans are 
more prone to accumulate toxic amounts of molybdenum than plants growing 
on upland sites (Kubota 1975). The total molybdenum content of soil averages 
2 ia and the most commonly cited upper range for total molybdenum is 5 ppm 
(Hawkes and Webb 1962; Swaine and Mitchell 1960; National Academy of 
Sciences 1972). Information on the expected soil concentration of anion 
exchangeable molybdenum is lacking, but extensive analysis of overburden 
samples has shown that the concentration of this form of molybdenum is rarely 
greater than 1.0 ppm. 

Intervals containing more than 1.0 ppm exchangeable molybdenum are 


as follows: 


Anion 
Exchangeable 
Site Sampling Molybdenum 
No. Depth, cm ppm 
63 0-10 1.2 
66 10-50 1,2 
( 50-100 eS) 
«3 100-150 LZ 
99 0-10 12 
101 0-10 re 


Sites 99 and 101 were within 200 feet of each other and both were located 

next to the bole of large pinyon pines. This apparent influence of vegetation 
on soil traits is discussed in a later section. The remaining three sites were 
widely scattered and there appeared to be no common factor explaining the 
occurrence of these soils high in molybdenum, The vegetation growing on 


these sites may have contained relatively high amounts of molybdenum, but 
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because of the scattered nature of the high molybdenum soils, ruminants 
grazing in these areas are unlikely to be adversely affected. 

Chloride. Chloride is the most recent element to be confirmed as 
essential to plant growth. However, chloride deficiencies in field situations 
have not been positively identified and suspected deficiencies are rare. The 
lack of deficiencies is related to the facts that plants require very little 
chloride for normal growth and that chloride is widely distributed in 
nature. Large quantities of this element are annually carried inland from 
the oceans and deposited on the soil surface with rain. Deposition of 12 to 
35 pounds of chloride per acre are common, and deposition of 100 pounds per 
acre or more near the coast are not unusual. Cases of chloride toxicity have 
been documented and usually occur in poorly drained areas that receive runoff 
from other areas and in regions along the coast (Eaton 1966). 

The chloride found in the soils of the study area appeared to be of the 
magnitude expected for semi-arid alkaline regions. 

Organic Matter 

Organic matter influences the chemical and the physical traits of soil 
far out of proportion of the small quantities generally present. Organic 
matter commonly accounts for at least half of the cation exchange capacity 
of soils and is very important in the stability of soil aggregates. In addition, 
organic matter supplies energy and other constituents necessary for microbial 
activity. Soil organic matter generally ranges from less than 1% to 10% and 


averages approximately 3% in arid areas (Brady 1974). Both precipitation and 
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temperature have been recognized as important factors in determining the 
organic matter content of soils (Jenny 1941). 

In the study area, soil organic matter averaged 2.9%, a value typical 
of arid areas. The range in percentage organic matter was from 0. 1 to 21. 8. 
Intervals with less than 1% organic matter were generally confined to the 
50-100 and 100-150 cm sampling intervals. Samples containing more than 10% 
organic matter were confined to the surface sampling interval and occurred on 
sites where there was an unusually deep accumulation of litter. 
Gypsum Requirement 

The gypsum requirement is an attempt to determine the amount of 
calcium required to replace the sodium on the soil exchange complex when 
data on the cation exchange capacity and exchangeable sodium are not available. 
Determining this requirement involves the use of an arbitrary procedure and 
does not measure a distinct chemical property of the soil. The gypsum 
requirement is positively correlated with the exchangeable sodium by means 
of a regression equation (Richards, 1954). The use of gypsum to reclaim 
sodic soils has been previously discussed. Briefly, the gypsum supplies 
water-soluble calcium to the soil. This calcium then replaces the sodium 
held on the soil exchange complex. 
Lime Requirement 

The lime requirement tells how much CaCO, or its equivalent that 
must be applied to the soil to increase the pH to 7.0 (Peech 1965). The 
lowest pH in the study area was 6.9, and this very slight degree of acidity 
would not affect plant growth. Generally, the soil pH is well below 6.0 


before the use of lime is considered. As expected, the lime requirement for 


COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 29 


all the soil samples collected in the study area was zero. 
Trace Elements 

Those elements which are not essential for normal plant growth, but 
which may be absorbed and accumulated by plants, are discussed in this 
section. The concentration of certain trace elements in the soil and the 


subsoil are of interest because plants may absorbed enough of a particular 


trace element to be a potential threat to domestic or wild herbivores. Through 


various indirect means, trace elements in soils can be transferred to humans. 


It is also possible that high soil concentrations of some trace elements will 
be phytotoxic. 

Arsenic. The mean concentration of total arsenic in soils varies 
between 5 and 10 ppm (Lisk 1972). Allaway (1975) gives 40 ppm as the 
maximum content of arsenic normally found in soil, while Mitchell (1964) 
found an upper value of 70 ppm. Liebig (1966) stated that arsenic is more 
concentrated in the soils of arid regions than in soils of mesic regions. 

He further stated that dangers from arsenic poisoning are greatest where 
dust high in arsenic adheres to plant surfaces rather than the consumption 
of plants containing arsenic. 

In the study area, total arsenic ranged from 5 to 40 ppm and 
averaged 8.4 ppm. In view of the literature cited above, these soils are 
not unusual in their content of arsenic. 

Cadmium. Cadmium, a toxicant to man and other living organisms in 
virtually all of its chemical forms, is found mainly in various zinc ores. 


Cadmium and zinc appear to compete for certain organic ligands and zinc 
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has an ameliorative effect on cadmium toxicity. The cadmium concen- 
tration of surface soils is generally less than 1 ppm. Soils with more 
than 1 ppm cadmium have usually been contaminated by agricultural 

or industrial chemicals (National Academy of Sciences 1974; Page 

and Bingham 1973). 

Some soil properties appear to influence plant absorption of cadmium, 
Williams and David (1973) noted that plant uptake of cadmium was substantially 
lower in soils with a high cation exchange capacity than in soils with a low 
cation exchange capacity. Lagerwerff (1971) and Lisk (1972) found that while 
many plants easily absorbed cadmium from the soil, absorption decreases as 
pH increases. 

The soils of the study area consistently contained less than 0.5 ppm 
of total cadmium, and a concentration of this magnitude is expected for 
undisturbed areas. It is probable that the average concentration of total 
cadmium in the study area is substantially below the detection limit of 0.5 
ppm. A study of the soils of the Piceance Creek Basin and other areas 
in northwestern Colorado found the total cadmium averaged 0. 13 ppm and 
ranged from 0.017 to 0.570 ppm (Mahmoud 1977). 

Chromium. Chromium is widely distributed in nature and while 
there is no conclusive evidence showing that it is essential for plant growth, 
chromium is required by animals. However, the overall nutritional signifi- 
cance and biochemical role of chromium is unknown. Cases of chromium 


toxicity are rare and a wide margin of safety exists between the amounts 
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generally ingested and those likely to induce injury (Norrish 1975; Pratt 
1966; Underwood 1971). Chromium as a plant toxicant has been recognized 
since the turn of the century, but natural occurring toxicities appear to be 
limited to serpentine soils where the chromium content ranges from 2000 to 
3500 ppm (Pratt 1966; Swaine and Mitchell 1960). After measuring the 
chromium in soils of conterminous United States, Shacklette, Hamilton, 

and Boerngen (1971) concluded that total chromium averaged 53 ppm and 
ranged from 1 to 1500 ppm. 

For Tract C-a and adjacent areas, total chromium ranged from 20 to 
80 ppm and averaged 44 ppm. These values are very close to the average 
chromium content of soils as mentioned above. 

Cobalt. Animals, especially ruminants, require an adequate supply 
of cobalt in their diet and soils should contain approximately 7 ppm total 
cobalt to support healthy livestock. Some soil microorganisms, notably 
those that are responsible for nitrogen fixation, also require cobalt (Mitchell 
1964; Swaine and Mitchell 1960). Alkaline soils quickly convert soluble 
cobalt to forms that are not available to plants and cobalt fertilization may 
be effective in preventing cobalt deficiencies in ruminants. Excessive levels 
of cobalt are not very toxic to either plants or animals (Allaway 1975). 
Hawkes and Webb (1962) found that soils average 8 ppm in total cobalt and 
range from 1to 40 ppm. Numerous other investigators have reported similar 
values. 


An average of 8 ppm and a range of 1 to 35 ppm total cobalt was 
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found in the study area. This average and range is almost identical to that 
cited by Hawkes and Webb (1962). Vegetation in some portions of the study 
area may not contain sufficient cobalt to support rapid animal development. 
However, such areas may be localized and insignificant when the overall 
grazing pattern is considered. 

Fluoride. The earth's crust contains about 800 ppm fluoride and soils 
range from 10 to 7070 ppm in fluoride. Neutral and alkaline soils inactivate 
fluoride, probably in a reaction with calcium and other soil constituents 
that convert soluble fluoride to insoluble forms. Thus, the plant fluoride 
content is not appreciably affected by the amount of total fluoride in the 
soil. While excessive fluoride can be very toxic to plants and animals, 
cases of toxicity are limited to very acid soils and industrialized areas with 
high atmospheric levels of fluoride (National Academy of Sciences 1972; 
Allaway 1975). 

Soils of the study area contained from 160 to 1150 ppm total fluoride 
and averaged 510 ppm. These levels appear normal and nontoxic for alkaline 
or mildly acid soils. 

Mercury. Mercury occurs widely in low concentrations in the bio- 
sphere and has long been known as a toxicant. This element is considered 
nonessential for living organisms. The mercury content of soils is generally 
low, and the average concentration of total mercury in soils is approximately 
100 ppb (Potter, Kidd, and Standiford 1975; Shacklette, Boerngen, and 


Turner 1971; Kothy 1973). The average concentration of mercury for the 
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study area was 19 ppb, a level substantially below the average soil concentra- 
tion. The highest level of mercury detected in the study area was 110 ppb. As 
much as 4600 ppb of mercury has been found in supposedly uncontaminated 
surface soils (Shacklette, et al. 1971). 

Antimony. In soils termed as normal podzols, total antimony had a 
rather uniform value of 2. 1 ppm and ranged from 1.6 to 2.4 ppm (Presant 
1971). In studies of soils in the Powder River Basin of Wyoming and Montana, 
antimony in the surface and subsurface soil ranged from 0.60 to 2. 1 ppm 
(Anderson, Keith, and Connor 1975). In the study area, antimony averaged 
1 ppm and ranged from less than 1 ppm to 3 ppm. These low values appear to 
be normal for surface and subsurface soils. 

Vanadium. Vanadium is a component of all soils and small amounts 
of this element are normally absorbed by plants. Clear proof that this element 
is required by higher plants or by higher animals has yet to be produced. How- 
ever, some species of algae and bacteria require vanadium and there is 
increasing evidence that many animals require small amounts of vanadium. 
Under field conditions, there have been no reports of vanadium deficiencies 
or toxicities (Underwood 1971; Pratt 1966). The normal concentration of 
vanadium in soil is approximately 100 ppm and the range is from about 20 
to 500 ppm (Mitchell 1964; Lisk 1972; and others). In Trace C-a and 
adjacent areas, the vanadium averaged 59 ppm and ranged from 20 to 110 


ppm, thus indicating a normal concentration of vanadium in these soils. 
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Selenium. Trace amounts of selenium can be detected in most soils 
and excessive amounts can occur in arid areas where the soil is derived 
from seleniferous rock and precipitation is insufficient to leach the selenium 
below the plant rooting zone. When this element is present in excessive 
amounts in the soil, it can inhibit the growth of some plant species. But 
a more serious problem arises when plants absorb excessive selenium from 
the soil and these plants are then ingested by livestock. The resulting disease 
known as "blind staggers" or ''alkali disease'’ commonly results in death of 
the affected animal. However, selenium is an essential element for proper 
animal development and the total area of the world affected by selenium 
deficiency is far greater than those areas affected by selenium excess 
(Beath 1959; Patel and Mehta 1968; Underwood 1971). Normal soils 
contain from 100 to 2000 ppb total selenium and from less than 10 to approxi- 
mately 500 ppb water-soluble selenium (Swaine and Mitchell 1960; Patel and 
Mehta 1968). The range of available selenium has yet to be established for 
soils, but would have an upper range between 500 and 2000 ppb. 

The available selenium in the soils of the study area averaged 56 ppb 
and ranged from 10 to 2600 ppb. Soils containing 1000 ppb or more of avail- 
able selenium could be considered unusual. Soils in this category occurred 


in the study area, but outside the boundaries of Tract C-a, as follows: 


Site Sampling Available 
No. Depth, cm Selenium, ppb 
+4 50-100 1000 

Ad 100-150 1200 

61 100-150 1900 

66 0-10 2400 

66 10-50 2600 


66 50-100 1300 
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It is possible that plants growing on these soils will accumulate excessive 
selenium; plant analysis would confirm or reject this possibility. 

Nickel. Completely convincing evidence that nickel, a relatively 
nontoxic element, is essential for plants and animals has not yet appeared. 
Cases of nickel toxicities are rare, but may occur naturally on serpentine 
soils which are typically high in nickel. Swaine and Mitchell (1960) found 
that ammonium acetate extractable nickel ranged from 3.5 to 11.8 ppm for 
well-drained podzol soils. Several investigators have found that approxi- 
mately 10 ppm of ammonium acetate extractable nickel was phytotoxic 
(Vanselow 1966). 

The soils contained within the study area averaged 0.9 ppm of 
ammonium acetate extractable nickel and ranged from 0.3 to 2.4 ppm. 
Based on the above information, these levels are normal for soils and 
nontoxic to plants. 

Lead. There has been considerable biological interest in lead in 
recent years, with most of this research centered on the toxic properties 
of lead as an industrial hazard to man and to animals. In uncontaminated 
areas, lead is a natural component of soils and is of little consequence to 
plants and to animals. Plant uptake and translocation of lead is minimal 
under normal conditions. Factors that influence lead movement include 
soil traits and the presence of ligands that complex with lead and prevent 
its movement across cell walls and throughout the plant. Thus, plants 
effectively exclude most lead from above-ground parts and the small amount 


of lead that is translocated to shoots and leaves is of little consequence to 
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grazing animals. Lead ingested by livestock, under usual conditions, is 





largely sequestered in bone and is not transferred to the human food cycle 
(Rains 1975; National Academy of Sciences 1974; Wilson and Cline 
1966; and others). Working in Scotland, Swaine (1955) found that surface 
soils averaged 0.45 ppm and ranged from 0.05 to 3.60 ppm of ammonium 
acetate extractable lead. 

Tract C-a and adjacent areas contained from 0.5 to 4.0 ppm ammonium 
acetate extractable lead and averaged 1.4 ppm. While these levels are slightly 
higher than those found by Swaine, there is no indication that the level of soil 
lead is of any unusual biological significance in the study area. 


Background Radioactivity 


Background radioactivity was measured in terms of the concentration 





@ 


of uranium (or chemical uranium), equivalent uranium, equivalent thorium, 
radioactive potassium, and radium. These data served to quantify the baseline 
radioactivity of the study area. 

Chemical uranium averages 2.7 ppm for the earth's crust, 3.2 ppm 
in shale, and 4.8 ppm in granite (Krauskopt 1967). Equivalent uranium is 
of the same general magnitude as chemical uranium, while equivalent thorium 
is approximately 3 times the concentration of chemical uranium. If a system 
is in equilibrium, 1 ppm of chemical uranium contains 0.43 pico curies per 
gram of radium 226. High amounts of radium can be a radiological hazard. 
However, chemical uranium becomes a chemical toxicant long before it 


becomes a radiation hazard. Total potassium in the earth's crust averages 





COMEOIRIADION SCHOOL TOR VIMiINIES “RESEARCH IINISimalimUnnieE 37 


approximately 2.5% and, by convention, this figure is reported as potassium 
radioactivity in background radioactivity data. However, only 0.0118% of the 
total potassium is radioactive and in most soils this potassium contributes 
most of the radioactivity (Bowen 1966). 

The background radioactivity of the study area is low and within the 
ranges expected. None of the soil samples collected show any unusual concen- 
trations of the various components of background radioactivity and pose no 
danger to living organisms. These soils are slightly out of radiological 
equilibrium, but this is the general case with soils. Because the chemical 
uranium is slightly less than equivalent uranium, the radium is slightly 
greater than would be expected on the basis of chemical uranium alone. This 
slight deviation from equilibrium is common for soils where chemical uranium 
is subject to removal via weathering. 

Water-Holding Capacity 

The water- holding capacity measures the amount of water retained by 
a soil at a given level of suction. When measured at 1/3 bar (4.85 psi) suction 
pressure, the water-holding capacity approximates the amount of water 
retained by a soil after free drainage has ceased. The capacity at 15 bars 
(220 psi) suction pressure approximates the upper limit at which most plants 
are unable to absorb water from the soil. The amount of water retained 
between these two extremes is termed the plant-available moisture capacity, 
and serves as an index to the amount of water available for plant absorption. 


Nishimura (1974) suggested that soil used in reclamation has a minimum 
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plant-available moisture capacity of approximately 7% to insure that the 
soil has the potential to retain sufficient water for normal plant growth. 
Soil texture, structure, and organic matter are the main factors in deter- 
mining water-holding capacity. 

Approximately 5% of the soils collected in the study area had a plant- 
available moisture capacity of less than 7% These samples were located at 
sites 45, 67, 68, 70, 71, and 109. The lack of water retention by these soils 
may restrict plant growth or restrict plant composition to drought-tolerant species. 
Texture 

Texture is an important physical trait of soils in that it influences 
the nutrient-supplying ability of soil as well as the supply of air and water 
to plant roots. Optimum soil texture varies with climatic conditions. In 
semi-arid regions, the production of native vegetation is greater on sandy 
soils than on medium to fine textured soils. In sandy soils, the infiltration 
rate is rapid so there is little water loss through surface runoff. Additionally, 
less moisture is held per unit depth in sandy soils so less moisture is lost 
to surface evaporation. However, sufficient fine-textured material must 
be present to retain adequate amounts of water (Berg and Barrau 1973). 

Soils of the study area were generally in the loam category and ranged 
from a loamy sand to a clay loam. Most soils were in the coarse to medium 


texture categories. 
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Soil Properties as a Function of Depth 


During the process of soil formation, rearrangement occurs in which 
many soil constituents are concentrated in certain portions of the soil profile. 
There are basically two processes which develop vertical patterns in soil. 
One process involves the leaching of water soluble components as water 
moves through the soil. The second process involves the redistribution of 
elements by plants. In the cycle of elements through the soil-plant 
system, plants bring about changes in the vertical distribution of 
nutrients, organic matter, and other soil constituents by virtue of 
their rooting, litterfall, and decomposition characteristics. This process 
has been described by a number of investigators. 

The soils of the study area were grouped on the basis of sampling 
depth and each soil trait statistically evaluated for its change as a 
function of sampling depth (Table 3). It is important to note that factors 
other than sampling depth alone may have influenced the presence or 
absence of vertical differentiation. Variables such as parent material, 
vegetation, relief, and micro-climate may have had a significant 
influence on vertical differentiation. 
pH 

Soil pH increased as depth increased, a trait common to many soils. 
As organic matter decomposes, various acids are produced and released to 
the soil. Decomposition is most intense in the surface soil and decreases 


sharply with increasing depth. In addition, leaching removes carbonates 
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from the surface and deposits them lower in the soil profile. Such processes 
develop gradients in soil pH. 
Electrical Conductivity 

The electrical conductivity increased from 2. 2 mmhos/cm at the soil 
surface to 7.7 mmhos/cm at the 100-150 cm depth. This increase in salinity 
with depth is due, in part, to the leaching of water soluble salts from 
surface to the subsurface. Other factors may also be involved. In many 
sections of the study area, aeolian material has been deposited on the 
original surface. This aeolian material may have contained less soluble 
salts than the original surface. Thus, surface and near surface soil 
samples were of one geologic origin while the deeper samples were 


of another geologic origin. 


Cation Exchange Capacity 


The cation exchange capacity is highest at the surface and lowest in 
the 100-150 cm sampling depth. This decrease reflects the vertical distri- 
bution of organic matter and of clay, the two soil components that comprise 
the soil exchange capacity. A significant decrease in organic matter with 
soil depth is evident. While percentage clay did not display a statistically 
significant decrease with depth, soil sampled from the 0-50 cm depths 
contained slightly more clay than soil from the 50-150 cm depths. 


Exchangeable Sodium Percentage (ESP) 


The three components of ESP, water soluble sodium, ammonium 
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acetate soluble sodium, and cation exchange capacity, displayed strong depth 





functions and as a result the ESP increased as distance below the surface 
increased. The processes of leaching alkali salts and of acidification by organic 
matter plus differences in parent material within a given sampling location 
were important factors in establishing this spatial pattern. 
Plant Macronutrients 

Both forms of nitrogen showed vertical pattern, although the direction 
was different. Ammonium was highest at the surface and consistently decreased 
with increasing depth. Soil ammonium is derived almost entirely from the 
decomposition of organic matter. Both organic matter and microbial activity 
are centered in the surface few cm of soil in semi-arid areas (Charley and 


Cowing 1968). The positively charged ammonium ion is generally held by 





clay particles and is not subject to translocation by water. Therefore, the 
concentration of ammonium is highest at the soil surface. Nitrifying bacteria 
convert ammonium to nitrate. This nitrate is either absorbed by plants and 
soil microorganisms or it is leached from the surface soil (Delwiche 1970). 
Thus, the concentration of soil nitrate is generally low and subject to loss by 
leaching. The high mobility of nitrate in the soil complicate patterns in its 
vertical distribution. 

Plant available phosphorus was substantially higher in the 0-10 cm 
sample than in the subsurface soil samples. Organic matter and soil micro- 
organisms, both of which are concentrated at the soil surface, significantly 


increase the concentration of available phosphorus (Brady 1974). As the 
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organic matter and population of microorganisms decreases with depth, 
the available phosphorus also decreases. 

Plants absorb relatively large amounts of potassium and when plants 
die, this potassium is returned to the soil by way of organic matter decompo- 
sition. Thus, the soil surface generally contains more plant-available 
potassium than the subsoil, and this pattern was evident in the soils of the 
study area. 

Water-soluble magnesium, calcium, and sulfate displayed a slight 
increase in concentration as soil depth increased. However, the differences 
were not statistically significant. As leaching continues to translocate these 
water-soluble constituents, differences may become more striking. The 
vertical distribution of potassium was irregular and the slight accumulation 
of this element at the soil surface may have been related to the release of 
potassium during organic matter decomposition. A similar irregular distri- 
bution of water-soluble potassium was also noted by Presant (1971). 

Plant Micronutrients 

Of the seven micronutrients analyzed, only manganese, zinc and 
chloride displayed significant changes with depth. The substantially higher 
concentration of manganese and zinc at the soil surface as compared to the 
subsoil indicated that these elements are associated with organic matter 
where they are probably held as chelated complexes. A general decrease 
in the concentration of manganese and zinc with depth was also found by 


Ravikovitch, Margolin, and Navrot (1961), Swaine (1960), and Presant (1971). 
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The increase in chloride with depth parallels that of electrical conductivity. 
The negatively charged chloride ion is necessary to balance the positively 
charged ions which electrical conductivity measures. 
Organic Matter 

Vertical gradients in organic matter content of soils has long been 
recognized. Above-ground plant material is eventually deposited at the 
soil surface where it is decomposed and incorporated into the soil. Vertical 
gradients in organic matter develop rapidly and are characteristic of 


essentially all soils. Subsurface organic matter is derived primarily from 


roots. Roots are substantially more numerous near the soil surface 
and thus contribute to the observed vertical pattern. 
Trace Elements 

Most of the trace element content of soil is bound in crystal lattice 
of the constituent rock-forming minerals. The proportion of such materials 
which undergo chemical and physical weathering is relatively minor and the 
amounts of trace elements available for pedological translocations is small. 
Thus, few changes in trace element concentration as depth from the surface 
increases can be ascribed to pedological factors. If vertical differentiation 
does develop, it is generally related to trace element changes in the parent 


material (Swaine and Mitchell 1960; Connor, et al 1976). 
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Few of the trace elements studied on Tract C-a and adjacent areas 
displayed consistent vertical patterns. Fluoride, selenium and lead showed 
consistent changes as depth increased, but only lead had statistically signifi- 
cant changes. 

The accumulation of lead at or near the soil surface has been reported 
by several investigators (Rains 1975; Presant 1971). Apparently, lead 
absorbed by plants is converted into insoluble forms when plants are 
decomposed. This biological accumulation of lead is evident at the soil 
surface where above-ground plant biomass decomposes and in the near surface 
soil where the bulk of the root biomass is located. This appeared to be the 
case inthe study area, although the differences in the lead concentration 
were small and of questionable biological significance. 

The concentration of ammonium acetate soluble nickel was higher in 
the 10-50 cm depth than in the other depths sampled. A similar increase in 
subsurface nickel was also noted by Swaine and Mitchell (1960). The factors 
responsible for this slight but statistically significant increase in nickel are 
not known at the present time. 

Background Radioactivity 

Only one component of background radioactivity, potassium radio- 
activity, showed a statistically significant change with depth. Potassium 
radioactivity was higher in the surface sampling interval than in the three 
subsurface intervals. The same distribution was also observed for available 
potassium and for water-soluble potassium. Plant absorption and accumulation 


of potassium may have influenced the distribution of radioactive potassium. 
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Physic all Prope rties 


@ 


Although statistically significant differences were found in some physical 
traits, it is doubtful that the observed differences are biologically meaningful. 
Percentage sand increased with depth and percentage silt and clay decreased 
slightly with depth. This may reflect a more intensive physical and chemical 
soil weathering regime near the soil surface. 

Soil Traits as Influenced by Vegetation 

Vegetation plays an important role in the redistribution of soil con- 
stituents. Plants absorb soil constituents from a large area and concentrate 
them in a relatively small area, thus contributing to the vertical gradients 
in soil. Certain types of vegetation will impart different traits to the soil. 
Rooting pattern, life span, phenology, elemental composition, and other 
factors differ from one plant species to another and can significantly 
influence many soil traits. Comparison of prairie soils with forest soils 
is the classical example of the influence of different types of vegetation on 
soil traits (Jenny 1941). 

Two approaches were employed in investigating the influence of 
vegetation on soil traits. One approach evaluates soil traits on the basis of 
dominant vegetation on the sampling site. The second approach looks as the 
influence of a single species, pinyon pine, on soil traits. Both approaches 
consider the soil traits of the 0-50 cm sampling depths. The 50-100 cm and 
100-150 cm depths were far enough below the surface to be essentially 


unaffected by vegetation. 
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Soil Traits as Related to Dominant Vegetation 


The soils of the study area were grouped on the basis of the dominant 
vegetation at the sampling site. Mean values of soil traits on the basis of 
dominant vegetation are presented in Table 4. Not all of the vegetative types 
found in the study area were included. A limited number of samples were 
taken on sites where aspen, Douglas fir, grasses, or riparian vegetation 
dominated. The number of soil samples collected on these sites was not 
sufficient to allow for meaningful comparisons. 

The association of a particular type of vegetation with particular 
soil traits does not necessarily mean that the vegetation imparted these 
traits to the soil. The vegetation under study may have a competitive 
advantage on certain soils, and this does not involve any significant 
influence of the vegetation on soil traits. Factors such as differences in 
parent material, relief, microclimate, and time influence soil traits and 
may mask the influence of vegetation or erroneously imply vegetative 
influence. 

Sagebrush. Big sagebrush, the most common plant species in the 
study area, was found on moderately alkaline, nonsaline, and nonsodic soils. 
The soluble salt electrical conductivity and the ESP were low relative to the 
0-50 sampling depths for the entire study area (Table 3) and relative to the 
other species listed in Table 4. The concentration of plant nutrients showed 
no significant variation from the study area. However, the concentration 


of water-soluble nutrients was generally lower for the sagebrush soils than 
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for the other vegetative types examined. Organic matter, trace elements, 
background radioactivity, and physical properties displayed no unusual values. 
Pinyon-Juniper. The nonsaline, nonsodic, and moderately alkaline 
soils of the pinyon-juniper vegetation type showed no unusual traits relative 
to the surface and near surface soils of the study area. These soils were 
very similar in chemical traits to those associated with sagebrush. Pinyon- 
juniper soils contained the least amount of silt and the greatest amount of 
sand for the vegetative types studies. Both pinyon and juniper apparently 
have a competitive advantage on sandy, and frequently rocky, soils. 
Shadscale. Soils of the shadscale vegetation type were nonsaline and 
nonsodic, but the soluble salt electrical conductivity and the ESP were 
relatively high when compared to the soils of other vegetative types. 
Fireman and Hayward (1952) found that the soil under shadscale was higher 
in ESP and in electrical conductivity than the soil outside of the influence 
of this shrub. Similar results were reported by Sharma and Tongway 
(1973) for another species of Atriplex. These results imply that shadscale 
redistributes (directly or indirectly) sodium and other salts. Shadscale 
° 
soils were unusually low in extractable phosphorus and available potassium 
and unusually high in magnesium, calcium, and sulfate. Many of the trace 
elements, especially lead, nickel, mercury, and arsenic were slightly more 
concentrated in shadscale soils than in soils of other vegetative types. Areas 


dominated by shadscale were generally located on steep canyon slopes 


where soils were poorly developed and very shallow. Parent material has 
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strongly influenced the chemical traits of the shadscale soils and probably 
accounts for most of the differences noted. 

Mixed Brush. These soils had the lowest pH, electrical conductivity, 
ESP, magnesium, and sulfate of those listed in Table 4. This suggests that 
leaching is more intense in this vegetative type than in the other types studied. 
Mixed brush was generally found on north-facing slopes in the higher areas 
of the study area. Such areas tend to be relatively moist and presumably 
more intensively leached. Extractable manganese, zinc, and iron were 
relatively high for these soils. Organic matter was also high and this 
may be related to the deciduous nature of many shrubs of the mixed brush 
type. The annual shedding of leaves may increase the soil organic matter 
over that found in areas dominated by vegetation that retains leaves. In 
addition, leaves of deciduous plants decompose faster than leaves from 
nondeciduous plants. These soils had the least amount of sand and the 
greatest amount of clay. This may indicate a slightly more intense chemical 
and atiianteni weathering of soil. 

Rabbitbrush. The degree of influence of rabbitbrush on soil traits 
appeared to be of the same low magnitude as indicated for sagebrush a 
pinyon-juniper. Extractable phosphorus and potassium were unusually high 
for these soils. Rabbitbrush generally dominated on bottomland soils 
where the sagebrush had been eliminated by burning. This burning may 
have increased the concentration of phosphorus and potassium (Uggla 1959). 
The other soil traits for rabbitbrush soils did not display unusual concentrations 


e 


Qa 
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of elements relative to the study area and to the other vegetative types studied. 

Greasewood. This vegetative type appeared to occur on a distinct soil 
type. Soils where greasewood dominate are saline, sodic, and strongly 
alkaline (See Table 4). Fireman and Hayward (1952) found that pH, electrical 
conductivity, and ESP were higher under greasewood plants than in open areas 
free from the influence of greasewood. The authors found that greasewood 
leaves contained a high proportion of its anions in the form of organic acids. 
When the leaves decompose and various products released to the soil, calcium 
and magnesium are displaced on the soil exchange complex and replaced with 
sodium, thus increasing both pH and ESP. Nitrate and sulfate were two 
micronutrients that were unusually high for the area dominated by grease- 
wood. The possibility of greasewood influencing the distribution of these 
macronutrients is intriguing, but only speculative at this point. Micronutrient 
and trace element concentrations in the area dominated by greasewood were 
similar to the concentrations in areas dominated by other forms of vegetation. 
However, selenium was the exception, and in the greasewood dominated area 
this element averaged 120 ppb as compared to 46 ppb for the 0-50 cm sampling 
depths of the entire study area. Greasewood is not listed as a plant that 
accumulates large amounts of selenium (Beath 1959). Ganje (1966) reported 
that areas which support an abundance of selenium-accumulating plants may 
have the surface soils enriched as plants decompose and release selenium to 
the surface soil. However, such selenium-accumulating plants were not 


observed in the greasewood areas or in other parts of the study area. A 
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reasonable explanation for the unusual concentration of selenium in grease- 


wood dominated soils cannot be given at this time. Background radioactivity 
and physical traits were in the range expected, although greasewood soils had 
the least amount of clay for the vegetative types studied. 
Soil Traits as Influenced by Pinyon Pine 

In order to quantitatively evaluate the influence of vegetation on soil 
traits, other factors influencing soil traits must be kept constant or allowed 
to vary within a range that does not significantly influence the traits being 
measured. Equations developed by Jenny (1958, 1961) and Major (1951) 
provided a basis for development of a conceptual model for studying the 
effect of vegetation of soil traits. The model stated that any ecosystem 


property (1) was functionally related to climate (cl), the biotic factor (0), 





topography (r), the initial state of the soil system (i), and time (t)., For 


this study, this functional factoral relationship was expressed as follows: 


1 = £0 


Fe) Clear aete 
The variable 1 represented the chemical traits of the soil and 0 : 
species 

represented the influence of pinyon pine (pine ecosystem) and the influence 
of a sparse grass-forb ecosystem on soil traits. Variables of cl, r, i, and 
t were kept constant. 

Soil samples were taken under two large, and presumable old, pinyon 
pines (sampling sites 99 and 101). The soil samples were taken approximately 


20 cm from the bole and were within the canopy projection of the tree. The 


litter averaged 15 cmdeep. Soil samples were also taken approximately 
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15 m from the first set of samples (sampling sites 100 and 102). These open 
areas contained scattered grasses and forbs, and percentage cover was about 
30. These sites were free of visible plant litic~. 

The above sites were chosen to maximize and to minimize the biotic 
influence on soil properties while keeping all other influences on soil traits 
constant. Table 5 presents the results. No statistical analysis was attempted 
due to the small sample size. In interpreting the results, one must keep in 
mind the limited scope of this study. The differences found may be representa- 
tive of a wide area or may be confined to the area just described. Further 
sampling is needed to determine how representative these values are. 

pH. Surface and subsurface pH values (in water) were identical for 
both sites. 

Soluble Salt Electrical Conductivity. The surface soil under pinyon 
pine averaged 11.9 mmhos/cm while the surface soil in the open area averaged 
1.6 mmhos/cm. Subsurface differences were also obvious but not as striking. 
With a dense crown and a thick layer of litter on top of the soil, a significant 
portion of the precipitation is intercepted and does not reach the soil. Thus, 
leaching under the pinyon pine was substantially less than in the open grass- 
forb ecosystem. As mentioned before, leaching is a significant factor in the 
soil distribution of soluble salts. Other factors may be involved. Presumable, 
considerably more litter is produced in the pine ecosystem than in the grass- 
forb ecosystem. Litter contains water soluble salts, and the release of these 
salts during decomposition may increase the salinity of the soil and contribute 


to the observed pattern. 
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Cation Exchange Capacity. The cation exchange capacity varied little 
between the two ecosystems and this appeared to be the result of compensating 
factors. The organic matter content in the 0-10 cm interval of the pine 
ecosystem was relatively high, but percentage clay was low. For the 
remaining three samples, organic matter and clay had very similar values. 

Exchangeable Sodium Percentage. The ESP showed no significant 
variation between the two ecosystems. 

Plant Macronutrients. The pine ecosystem contained more nitrogen, 
extractable phosphorus, available potassium, and water-soluble magnesium, 
calcium, potassium, and sulfate than the grass-forb ecosystem. This rather 
substantial difference in the concentration of macronutrients probably reflects 
increased nutrient cycling and less leaching in the pinyon pine ecosystem as 
compared to the grass-forb ecosystem. 

Plant Micronutrients. There were no striking differences in the micro- 
nutrient concentration between ecosystems. The surface soil of the pine 
ecosystem contained slightly more manganese, iron, zinc, and molybdenum 
than the grass-forb system and this may be related to the above-mentioned 
nutrient cycling process. 

Organic Matter. The surface soil of the pine ecosystem, overlain by 
a deep layer of litter, contained significantly more organic matter than the 
surface sample of the grass-forb ecosystem. Both subsurface samples had 
similar amounts of organic matter and this suggests that most of the organic 


matter inthe pine ecosystem originated from litter rather than from roots. 
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Trace Elements. The vegetative influence on trace element distribu- 





tion appeared minor. No striking differences between the two ecosystems 
were noted. Lead, nickel, selenium, and cobalt were slightly higher in the 
surface soil of the pine ecosystem than in the grass-forb ecosystem. However, 
these slight differences may not be related to vegetative factors. 

Physical Traits. Changing the physical traits of soil requires con- 
siderable time and the life span of a given plant is not long enough to directly 
affect the physical traits of soil. In some cases, plants may indirectly 
change physical traits of the soil by collecting aeolian material beneath 
their canopies (Muller 1953). This may have been the case in this study 
as the pine ecosystem contained a higher percentage sand than the open 


grass-forb ecosystem. 





SOL, TRAITS OF TRACT C=a 

Of the 312 soil samples taken by specific depth, 130 of these were 
taken within the boundaries of Tract C-a (see Figure 1). The chemical and 
physical properties of these samples are presented in Table 6. Following 
is a discussion of how these soils differ from those of the entire study area. 

Soil traits of pH, soluble salt electrical conductivity, and ESP are 
essentially the same in Tract C-a as inthe study area. The degree to which 
these properties may restrict plant growth is the same as that previously 
discussed. 

With few exceptions, the concentration of plant macronutrients was 


of the same magnitude in both areas. Nitrate and available potassium were 
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exceptions. In Tract C-a, nitrate averaged 10.5 ppm as compared to 6. 3 
for the study area. Of the 11 samples containing more than 30 ppm nitrate, e 
8 of these were in Tract C-a. These samples were largely responsible for 
increasing the average nitrate concentration over that found in the study area. 
The concentration of available potassium in Tract C-a averaged 262 ppm, a 
value 123 ppm less than the study area. These differences in macronutrient 
concentration are not unusual considering the heterogeneous nature of the soils 
found in the study area. 

Micronutrients showed no significant variation when Tract C-a was 
compared to the study area. This lack of variation was also evident in the 


comparisons of trace elements. However, available selenium was an exception 


and its concentration was substantially lower in Tract C-a (averaging 34 ppb) 





than in the study area (averaging 56 ppb). None of the sampling sites containing 
abnormally high amounts of selenium were located in Tract C-a. 

Background radioactivity and the physical traits of texture and water- 
holding capacity showed no significant change from the study area to Tract C-a. 
On the average, soils in Tract C-a contained slightly more silt and corres- 
pondingly less sand than the study area. However, differences of this 
magnitude are not thought to be biologically significant. 

SOIL TRAITS OF MESA 84 

A total of 37 samples were collected in a relatively flat area known 

as 84 Mesa. This area, approximately 10 square miles in area, is located 


three miles northeast of Tract C-a and may serve as a site for the disposal 
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of spent shale. The following discussion relates these soils (Table 7) to those 
of the study area. 

Soils of the study area had an electrical conductivity of 3.5 mmhos/cm 
while that portion of the study area designated as 84 Mesa had soils which 
averaged 5.7 mmhos/cm of.electrical conductivity. Of the 15 soil samples 
classified as highly saline for the study area, 5 of these samples occurred in 
84 Mesa _ Hither the 50-100 or the 100-150 cm sampling depth of sites 47, 48, 
50, 51, and 53 were highly saline. As previously mentioned, these highly 
saline subsurface materials had no apparent effect on plant growth. 

Differences in pH, ESP, and plant macronutrients were slight between 
84 Mesa and the study area. Water soluble salts including sodium, calcium, 
and magnesium were slightly more concentrated in 84 Mesa than in the study 
area. This increased soluble salt concentration reflected the higher electrical 
conductivity for the soils of 84 Mesa. The sulfate concentration on 84 Mesa 
(691. 1 ppm) was slightly over twice the average concentration of the study 
area. The reasons for the variation in sulfate are not clear, but there 
appears to be no biological implications. 

The micronutrient and trace element concentrations of both areas were 
not substantially different, with the exception of selenium. Selenium on 84 
Mesa averaged 19 ppb compared with 56 ppb for the study area. The absence of 
samples with more than 1000 ppb selenium in 84 Mesa was responsible for 


the difference. 
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Background radioactivity and the physical traits of water-holding 
capacity and texture were very similar for both areas. Soils in 84 Mesa 
contained slightly more clay and less silt than the study area, and this is 
probably related to the soil types that dominate 84 Mesa. 

SOIL SERIES OF THE STUDY AREA 

Nine soil series have been identified within the study area. The 
extent of each series was mapped. At a representative point within each 
series, a pit was dug and the soil profile described and sampled. 

The Soil Map 

The soil map for Tract C-a and adjacent areas is presented in Figure 
2. A preliminary map was first made using recent aerial photographs and the 
soil map prepared by the Soil Conservation Service. This map was then refined 
on the basis of field reconnaissance and soil sampling. 

The soil map implies that different soil series occur in well-defined 
units. However, this is not the case and the soil map is an abstraction from 
the actual field situation. Soil series do not occur in distinct units but one 
series grades into another series with no sharp demarkation between the 
two series. Soil mapping requires drawing lines between series, but such 
lines do not exist in the field. 

Within any given series outlines in Figure 2, small areas of other 
soil series generally exist within the boundary. These inclusions are too 
small to map. The inclusions likely to be found within a given series are 


listed below. In some cases, two different soil series exist in a mosiac 


COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 62 


and cannot be separated into individual series. The term ''complex"' is 
given to such areas. Following is a discussion of the mapping units shown 
in Figure 2. 

Havre Series (38) 

Small areas of the Glendive series may be included in this mapping 
unit. 

Glendive Series (41) 

In areas that are nearly level, small areas of the Havre series may 
be found. In steeper areas near the upstream boundary of the Glendive series 
small areas of the Rivra series may be included. 

Castner Series (61) 

Small inclusions of the Rentsac series and of the Torriorthent series 
may be found within the Castner series. 
Rentsac Series (63) 

In areas where the slope exceeds approximately 35%, small areas of 
the Torriorthent series may be found. Where the slope is less than 15%, 
small areas of the Redcreek Series may be included in this mapping unit. 
Rentsac-Piceance Complex (X63) 

The Rentsac series makes up about 50% of this mapping unit and the 
Piceance series comprises approximately 40% The remaining 10% consists 
of the Rock Outcrop-Torriorthent complex. 

Redcreek-Rentsac Complex (66) 
The Redcreek series makes up approximately 50% of this mapping 


unit, the Rentsac series makes up about 40%, and the remaining 10% 
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consists of the Rock Outcrop-Torriorthent complex, the Yamac Series, and 
the Piceance series. 
Yamac Series (73) 

Small areas of the Piceance series and of the Rentsac series are found 
within the boundaries of the: Yamac series. 
Rivra Series (75) 

Small areas of the Glendive series may be included in this mapping 
unit, especially where the slope is less than 5% 

Rock Outcrop-Torriorthent Complex (RT) 

Approximately 45% of this mapping unit consists of rock outcrops 
occurring as horizontal sandstone cliffs and as platy shale outcrops. These 
outcrops are generally found along the major canyons disecting the study 
area. Vegetation is very sparse on these strongly sloping outcrops. An 
unnamed Torriorthent occupies about 40% of the area and the remainder 
consists of the Rentsac series. 

Soil Profile Descriptions 

With the aid of personnel from the Soil Conservation Service, a 
representative pedon was carefully selected for each soil series mapped. 
These pedons were described using standard Soil Conservation Service 
methods and terminology. A sample was taken of each soil horizon and 
analyzed in the laboratory using the methods previously described. The 


results of this investigation follow. 
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Havre Series 





The Havre Series consists of deep, well drained soils that have formed 
in calcareous mixed alluvium. Such soils are found in valleys and on flood- 
plains; slope ranges from 0 to 8%. 

The surface of A horizon ranges in texture from sandy loam to silty 
clay loam. Color and depth vary widely, but generally the A horizon is brown 
and 16 cm deep. The subsurface layer consists of stratified loam, clay loam, 
and sandy loam material approximately 60 cm thick. These soils are commonly 
underlain by contrasting materials or bedrock. Fine filaments or threads of 
line may be present throughout part of the subsoil. Reaction ranges from 
mildly alkaline near the surface to strongly alkaline in sections of the subsoil. 
Layers of buried topsoil are commonly found in the subsurface layers. 

Water permeability is moderate. Effective rooting depth is 150 cm ¢ 
or greater. The available water capacity is high, and the organic matter 
content in the surface layer is medium. Surface runoff is slow and the erosion 
hazard is moderate. 

Vegetation on the soils in the Havre Series is quite variable. Some 
areas are covered by a dense ryegrass sod, while other areas are dominated 
by big sagebrush. In areas that have been burned, basin wildrye, tall rabbit- 
brush, or greasewood dominate. These soils are used for livestock grazing, 
wildlife habitat, and irrigated pasture. 

A pedon considered typical of the Havre Series was located in the SE, 


NW, Section 35, T1S, R99W, and was described as follows: 
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All--0 to 11 cm; grayish brown (10YR 5/2) silt loam, very dark 
grayish brown (10YR 3/2) when moist; moderate medium sub- 
angular blocky parting to moderate fine granular structure; 
soft, very friable, slightly sticky and slightly plastic; very 
abundant medium to very fine roots; slightly calcareous, 
moderately alkaline; clear smooth boundary. 

Al12--11to 20 cm; grayish brown (10YR 5/2)silt loam, very dark 
grayish brown (10YR 3/2) when moist; moderate medium sub- 
angular blocky structure; soft, very friable, slightly sticky 
and slightly plastic, abundant medium to very fine roots; 
slightly calcareous, moderately alkaline; clear smooth 
boundary. 

Cl -- 20 to 37 cm; weak red (2.5 YR 5/2) silt loam, dark grayish 
brown (10YR 4/2) when moist; moderate medium subangular 
blocky structure; slightly hard, friable, slightly sticky and 
slightly plastic; abundant medium to very fine roots; strongly 
calcareous, moderately alkaline; clear wavy boundary. 

C2 -- 37 to 70 cm; light brownish gray (10 YR 6/2) silt loam, dark 
grayish brown (10 YR 4/2) when moist; massive; slightly hard, 
friable, sticky and plastic; common medium and fine roots; 
strongly calcareous, moderately alkaline; clear wavy boundary. 

C3 -- 70 to 86 cm; light gray (10 YR 7/2) silt loam, grayish brown 


(10 YR 5/2) when moist; massive; slightly hard, friable, sticky 
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and plastic; common medium and fine roots; strongly calcareous, 
strongly alkaline; abrupt smooth boundary; 
A lb--86 to 117 cm; gray (10 YR 6/1) silty clay loam, dark gray 
(10 YR 4/1) when moist; massive; slightly hard, friable, 
sticky and plastic: common fine roots; slightly calcareous, 
strongly alkaline; clear wavy boundary. 
Clb--117 cm; light gray (10 YR 7/2) silt loam, dark brown 
(10 YR 4/3) when moist; massive; slightly hard, friable, 
sticky and plastic; common fine roots; strongly calcareous, 
moderately alkaline. 
The chemical and physical properties of these horizons are given in 
Table 8. All horizons were nonsaline and nonsodic. Generally, ample 
amounts of macro- and micronutrients are available. The concentration of 
nitrogen is somewhat low and may restrict plant growth. However, as 
organic matter decomposes nitrogen is made available for plant absorption. 
This process of nitrogen release and absorption keeps the soil nitrogen level 
low and suggests nitrogen deficiencies when none exist. Percentage organic 
matter shows a consistent decrease with depth, except for a slight increase 
when the buried A horizon is encountered. The concentration of trace 
elements are within the range considered normal for surface soils and are 
close to the average values for the study area (Table 2). Physical properties 
show the expected increase in bulk density as depth increases. These soil 


horizons have the ability to retain substantial amounts of water and are fine 
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textured. Mahmoud (1977) also determined the chemical traits of the Havre 


series and found values of the same magnitude as presented in Table 8. 
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Glendive Series 

The Glendive Series consists of soils which are deep, well drained, 
and which have formed in alluvium, weathered mainly from sedimentary 
bedrock. These soils are found in narrow valley bottoms and have slopes 
ranging from 2 to 15% 

The surface A horizon typically is a pale brown silt loam ranging 
from 12 to 30 cm deep. The underlying material is stratified silt loams, 
sandy loams, and loamy sands that extend to a depth of 150 cm or deeper. 

Water permeability is moderate and the effective rooting depth is 
150 cm or more. Available water capacity is moderate. Organic matter 
content in the surface horizon is medium. Surface runoff is slow and the 
erosion hazard is rated as moderate. These soils are calcareous throughout 
and reaction ranges from moderately to strongly alkaline. Coarse fragments, 
less than 1 inch in diameter, make up5 to 15% of the 25 to 100 cm depth. 

Glendive soils are generally dominated by big sagebrush. In areas 
that have been burned, rabbitbrush and sometimes greasewood 
diminate. Common herbaceous species include basin wildrye, western 
wheatgrass, streambank wheatgrass, Indian ricegrass, squirreltail, and 
Nevada bluegrass. These soils are generally used for livestock grazing and 
wildlife habitat. These soils form an important part of the mule deer winter 
range. Some areas of this series are irrigated and used for forage production. 

A Glendive pedon considered typical of the series was located on Tract 


C-a in the SW, NE#, Section 34, T1S, R99W. This pedon was described as 
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follows: 

Al--0-13 cm; pale brown (10 YR 6/3) silt loam; dark brown 
(10 YR 4/3) when moist; weak fine granular parting to 
weak coarse platy structure; soft, very friable, nonsticky 
and nonplastic; common fine roots; calcareous, moderately 
alkaline; clear smooth boundary. 

C1--13 to 53 cm; pale brown (10 YR 6/3) fine channery silt loam; 
dark brown (10 YR 4/3) when moist; weak medium subangular 
blocky parting to weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; common fine roots; calcareous, 
moderately alkaline; clear wavy boundary. 

C2--53 to 80 cm; very pale brown (10 YR 7/3) very fine channery 
silt loam; pale brown (10 YR 6/3) when moist; massive; 
soft, very friable, nonsticky and nonplastic; common fine roots; 
free calcium visible; strongly calcareous, moderately alkaline; 
clear wavy boundary. 

C3--80 to 115 cm; very pale brown (10 YR 7/3) fine channery silt 
loam; brown (10 YR 5/3) when moist; massive; soft, 
very friable, nonsticky and nonplastic; common fine roots; 
strongly calcareous, moderately alkaline; clear wavy boundary. 

C4--115 to 139 cm; pale brown (10 YR 6/3) silt loam; dark brown 
(10 YR 4/3) when moist; massive; soft, very friable, 


nonsticky and nonplastic; common fine roots; calcareous, 
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moderately alkaline; clear wavy boundary. 

C5--139 to 174 cm; pale brown (10 YR 6/3) fine channery silt loam; 
dark brown (10 YR 4/3) when moist; massive; soft, very friable, 
slightly sticky and slightly plastic; few fine roots; calcareous, 
moderately alkaline. 

All horizons were nonsodic and, with the exception of the C5 horizon, 
nonsaline (Table 9). The accumulation of salts in the 139-174 cm depth is 
unlikely to have any measurable effect on plant growth. Plant nutrients are 
present in generally adequate to ample quantities. Some horizons are relatively 
low in nitrogen and phosphorus, but these seem to be sufficient in nitrogen and 
phosphorus when the entire profile is considered. The accumulation of nitrate 
in the lower portion of the profile is unusual. Nitrate that was formed in the 
upper horizons may have been leached and accumulated in the C5 horizon, 
but this explanation is not entirely satisfactory. No unusual concentrations 
of trace elements were detected in the horizons. Lead and fluoride were 
slightly higher than the concentration found in the study area. Physical 


properties did not display much variation from horizon to horizon. 
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Castner Series 

Soils of the Castner Series are shallow, well drained, and found on 
upland ridges and ridge tops where the slope ranges from 15-50% These 
soils have formed in sandstone residuum. 

Typically, the surface layer of a Castner soil is a brown very 
channery loam approximately 15 cm thick. The subsoil is a brown very 
flaggy loam about 10 cm thick and overlies hard sandstone. Lime coats the 
underside of the rock fragments found in the subsoil. 

Water permeability is moderate and the effective rooting depth is 
50 cm or less. The available water capacity is low. Surface runoff is 
moderate and the erosion hazard is slight to moderate. Rock fragments 
occupy approximately 40% of the volume in the surface horizon and approxi- 
mately 50% of the volume in the subsoil. 

Native vegetation on Castner soils is dominated by mountain mahogany, 
serviceberry, antelope bitterbrush, big sagebrush, bluebunch wheatgrass, 
western wheatgrass, Junegrass, and Indian ricegrass. These soils are used 
extensively for mule deer winter range and, to a limited extent, by snowshoe 
hare and cattle. 

A Castner pedon was located in the SEZ, Swi, Sections], aus, 
RI9OW. This pedon was described as follows: 

A0O--5 cm; partially decomposed shrub litter. 

Al--0 to 8 cm; dark grayish brown (10 YR 4/2) channery silt 


loam, very dark grayish brown (10 YR 3/2) when moist; 
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moderate medium granular structure; soft, very friable, slightly 
sticky and slightly plastic; abundant medium and fine roots; non- 
calcareous, mildly alkaline, clear smooth boundary. 
B2--8 to 22 cm; brown (10 YR 4/3) flaggy loam, dark brown (10 YR 
3/3) moist; weak fine subangular blocky structure parting to 
moderate granules; hard, friable, slightly sticky and slightly 
plastic; common fine roots; slightly calcareous, moderately 
alkaline; gradual smooth boundary. 
Cca--22 to 64 cm; brown (10 YR 4/3) very flaggy loam, dark brown 
(10 YR 3/3) moist; massive; hard, friable, slightly 
sticky and slightly plastic; common fine roots; strongly calcareous, 
moderately alkaline; gradual smooth boundary. 
R--64 cm; hard, white sandstone. 
These horizons did not display any unusual physical or chemical traits 
(Table 10). The horizons were nonsaline and nonsodic. With the exception of 
nitrogen, plant nutrients are present in adequate-to-ample amounts. The con- 
centration of nitrogen appears rather low, but rapid cycling of this nutrient 
may supply plants with adequate amounts of nitrogen. Percentage organic 
matter is rather high. Shrubs, many of them deciduous, are the dominant 
form of vegetation on Castner soils. The annual shedding of leaves, which 
are readily decomposed, maintains a relatively high level of soil organic 
matter. Trace element concentrations are within the ranges expected and in 


some cases slightly less than the concentrations found in the study area. 
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Physical properties of these horizons show an increasing bulk density as 
depth increases, a relatively constant water-holding capacity, and a decreasing 


percentage clay and an increasing percentage sand from the A to the C horizons. 
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Rentsac Series 


Soils of the Rentsac series are shallow, skeletal, well drained, and 
formed in residuum from sandstone that is usually horizontally fractured. 
These soils typically occur on foothills and ridge tops where slopes range 
from 5 to 50%. 

The A horizon is typically a pale brown very chennery sandy loam 
or loam approximately 10 cm thick. Coarse fragments range from 25 to 40% 
of the total, with most of the fragments being less than 8 cm in diameter. The 
underlying layer is a pale brown very channery sandy loam or loam about 16 
cm thick. This layer has 60% coarse fragments with approximately 10% of 
the fragments larger than 8 cm indiameter. The substrata is a pale brown 
extremely channery sandy loam about 16 cm thick and overlies fractured hard 
sandstone. 

Rentsac soils have rapid permeability. Effective rooting depth is less 
than 50 cm. The organic matter content in the surface horizon is medium, 
Available water-holding capacity is low. Surface runoff is medium and erosion 
hazard ranges from slight to moderate. These soils are calcareous and 
moderately alkaline throughout. Lime coatings can be found on the underside 
of coarse fragments in the subsurface horizons. 

The dominant vegetation on the Rentsac series is either pinyon-juniper 
or big sagebrush. Other woody plants commonly found include mountain 
mahogany, serviceberry, and bitterbrush. Herbaceous vegetation includes 


western wheatgrass, elk sedge, needle-and-thread, Nevada bluegrass, Indian 
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ricegrass, squirreltail, hollyleaf clover, western wallflower, and others. 





With very few exceptions, soils of the Rentsac series are used for wildlife 
habitat and livestock grazing. 
A typical pedon of the Rentsac series was found in the NE%, NE%, 
Section 10, T2S, R99W. A description of this pedon follows: 
Al--0 to 11 cm; grayish brown (10 YR 5/2) channery loam; dark 
brown (10 YR 3/3) when moist; weak medium subangular block 
parting to weak fine granular structure; slightly hard, very 
friable, slightly sticky and slightly plastic; 40 percent sandstone 
channery; calcareous, moderately alkaline; clear scion boundary. 
AC--11 to 25 cm; very pale brown (10 YR 7/3) very channery loam; 


brown (10 YR 3/3) when moist; weak fine granular structure; 





soft, friable, slightly sticky and slightly plastic; 60% sandstone @ 
channery; calcareous, moderately alkaline; clear wavy boundary. 
Cr--25 to 42 cm; very pale brown (10 YR 8/3) extremely channery 
loam; light yellowish brown (10 YR 6/4) when moist; 
massive; soft, friable, slightly sticky and slightly plastic; 
70% sandstone channery; calcareous, moderately alkaline; 
clear wavy boundary. 
R--42 cm; highly fractured very pale brown Unita sandstone; 20% 
of the voids are filled with loam as described above. 
The chemical and physical properties of this pedon are given in 


Table 11. The genetic horizons of this Rentsac profile are nonsaline and 
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nonsodic. The R horizon is bedrock which is presumably like the parent rock 
in the C horizon from which the adjacent overlying horizons were formed. 

This material is saline, sodic, and very strongly alkaline. The concentration 
of most macronutrients is lower than the concentration found for the study area, 
but these appears to be adequate amounts of macronutrients for normal plant 
growth. Micronutrients occur in concentrations considered ample for plant 
needs. This profile contained relatively high percentages of organic matter. 
Both the AC and the Cr horizons contained considerable rock and roots 

were concentrated in the unconsolidated portion of the pedon. Soil samples 
were taken from this unconsolidated part and, therefore, contained canpewae 
amounts of organic matter. Roots were essentially absent inthe R horizon. The 
concentration of trace elements was within the ranges considered normal for 
surface soils. Working with a Rentsac profile, Mahmoud (1977) found chemical 
traits similar to those listed. Physical properties were within the ranges 


expected and considered typical for this area. 
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Piceance Series 

Soils of the Piceance series are moderately deep, well drained, and 
have formed in residuum from sandstone and modified with aeolian material. 
These soils are found on upland slopes and on the lee side of ridges. Slope 
ranges from 5 to 15% 

Typically, the surface horizon of Piceance soils is a brown loam or 
sandy loam ranging from 10 to 25 cm thick. The subsoil or B horizon is a 
brown or light brown silt loam approximately 40 cm thick. The substratum 
is a pale brown chennery loam about 30 cm thick and overlies hard sandstone. 
There is a layer of lime accumulation in the lower part of the B eaeee and 
inthe substratum, 

Permeability is rapid and the effective rooting depth is 50 to 100 cm. 
The available water capacity is moderate. Organic matter content in the 
surface layer is medium. Surface runoff is slow to medium and the erosion 
hazard is slight to moderate. 

Big sagebrush is the dominant form of vegetation on soils of the 
Piceance series. Other vegetation commonly found includes rabbitbrush, 
needle-and-thread, Indian ricegrass, muttongrass, sandbery bluegrass, 
wheatgrasses, lupine, hollyleaf clover, phlox, fleabane, buckwheat, and 
others. Livestock grazing and wildlife habitat are the dominant uses of these 
soils. 

A typical pedon of the Piceance series was located in the NE%, NW, 


Section 10, T2S, R99W, and is described below. 
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Al--0 to 10 cm; brown (10 YR 5/3) loam, dark brown (10 YR 3/3) 
when moist; medium fine granular structure; slightly hard, 
very friable, slightly plastic and slightly sticky; common fine 
and very fine roots; noncalcareous, mildly alkaline; clear 
smooth boundary. 

B1--10 to 36 cm; brown (10 YR 5/3) silt loam; dark brown (10 YR 
4/3) when moist; weak moderate subangular blocky structure; 
slightly hard, very friable, slightly sticky and slightly plastic; 
common fine and very fine roots; noncalcareous, moderately 
alkaline; clear wavy boundary. 

B2--36 to 53 cm; brown (10 YR 5.’3) silt loam, dark brown 
(10 YR 4/3) when moist; moderate medium subangular blocky 
structure; slightly hard, friable, slightly sticky and slightly 
plastic; common fine and very fine roots; calcareous, 
moderately alkaline; clear wavy boundary. 

C1--53 to 81; pale brown (10 YR 6/3) loam, dark brown (10 YR 4/3) 
when moist; massive; slightly hard, friable, slightly sticky and 
slightly plastic; common very fine roots; free lime visible; 
highly calcareous, strongly alkaline; clear wavy boundary. 

R--81 cm; hard sandstone. 

These four horizons were nonsaline and nonsodic (Table 12). The 

concentrations of nitrogen and extractable phosphorus were relatively low 


in the subsurface horizons, but not at a level where plant growth would be 
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noticeably affected. The concentration of water-soluble macronutrients 

was generally lower than that found for the study area while the concentration 
of micronutrients was slightly higher. These shifts in the nutrient concentra- 
tion are unlikely to affect plant growth. Percentage organic matter, the 
concentration of trace elements, and physical traits were within the ranges 


expected and close to the average values found for the study area. 
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Redcreek Series 

The Redcreek series consists of shallow, well drained soils that have 
formed in sandy material weathered from underlying calcareous, massive 
sandstone. These soils are found on foothills and ridge tops where slopes 
range from 5 to approximatély 30% 

The A horizon is a pale brown to brown sandy loam about 14 cm thick. 
The underlying horizon is a pale to light brown channery sandy loam. Sub- 
strata is a channery to very channery sandy loam ranging from 35 to 80 cm 
thick. Coarse fragments account for as much as 80% of the material found in 
the lower portions of the substrata. Permeability is moderately bee the 
available water capacity is low, and the effective rooting depth ranges from 
25 to 50 cm. Surface runoff is slow, and the erosion hazard is slight. 
Reaction is mildly alkaline to moderately alkaline throughout; all horizons 
are calcareous. Lime coatings on the surface of rocks can be found in the 
lower portions of the substrata. 

The vegetation on these soils is typically dominated by pinyon pine 
and Utah juniper. Understory species commonly include big sagebrush, 
serviceberry, mountain mahogany, bluebunch wheatgrass, elk sedge, 
squirreltail, Indian ricegrass, Junegrass, wolly loco, and buckwheat. Use 
of these soils includes livestock grazing and wildlife habitat. 

A pedon considered typical of the Redcreek series was found on 
Tract C-a and was located in the NWi, NE%, Section 4, T2S, RIIW. 


This pedon was described as follows: 
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A0O--3 cm; partially decomposed tree litter. 

Al--0 to 13 cm; brown (7.5 YR 5/4) sandy loam; dark brown (7.5 YR 
4/2) when moist; weak fine subangular blocky parting to moderate 
fine granular structure; soft, very friable, nonsticky and non- 
plastic; noncalcareous, moderately alkaline; clear smooth boundary. 

AC--13 to 23 cm; light brown (7.5 YR 6/4) sandy loam; dark brown 
(7.5 YR 4/4) when moist; weak medium subangular blacky parting 
to weak fine granular structure; 5% fine channers; soft, very 
friable, nonsticky and nonplastic; calcareous, moderately 
alkaline; clear wavy boundary. 

C1--23 to 42 cm; light yellowish brown (10 YR 6/4) sandy loam; 


dark yellowish brown (10 YR 4/4) when moist; 


ri a\ 


massive; slightly hard, very friable, nonsticky and non- 
plastic; 10% channers; common fine roots; some lime 
accumulation on coarse fragments; calcareous, moderately 
alkaline; clear wavy boundary. 

Crca--42 to 102 cm; white (10 YR 8/2) light sandy loam; very 
pale brown (10 YR 7/3) when moist; massive; 
slightly hard, very firm slightly sticky and nonplastic; 
fractured sandstone with lime enrichment; 20% of the voids 
are filled with calcareous sandy loam material; highly 
calcareous, moderately alkaline; clear wavy boundary. 


R--102 cm; sandstone bedrock. 


» N 
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The chemical and physical properties of this pedon are given in Table 13. 

These genetic horizons were both nonsaline and nonsodic. The concentration 

of plant nutrients was within the range expected, with the exception of extractable 
phosphorus in the surface epipedon. For unknown reasons, the phosphorus in 
this horizon was relatively high. The slight increase in percentage organic 
matter in the Crca horizon was caused by roots being concentrated in the 
unconsolidated portion of the horizon. Physical traits and the concentration 


of trace elements suggested nothing unusual in these horizons. 
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Yamac Series 

The Yamac series consists of deep, well drained soils that have formed 
in alluvium and aeolian materials. These soils are generally found on rolling 
uplands which have slopes ranging from 2 to 15% 

A typical Yamac profile will have a surface layer of brown silt loam 
about 10 cm thick. The upper portion of the subsoil is a brown silt loam or 
clay loam approximately 20 cm thick. The lower portion of the subsoil is a 
highly calcareous pale brown silt loam approximately 70 cm thick. 

Water permeability is moderate. The effective rooting depth is 150 
cm or more. These soils have a high available water capacity. Sia 
matter content in the surface layer is medium. Surface runoff is medium and 
the erosion hazard is slight. Yamac soils are calcareous throughout, and 
reaction ranges from, moderately alkaline in the surface layer to strongly 
alkaline in the lower portion of the subsoil. 

Generally, Yamac soils are dominated by big sagebrush. Other 
common shrubs include rabbitbrush, and winterfat. Herbaceous vegetation 
may include western wheatgrass, streambank wheatgrass, Junegrass, sedge, 
needle-and-thread, and loco. Yamac soils are generally used for livestock 
grazing and wildlife habitat, especially mule deer, snowshoe hare, and blue 
grouse. These soils have a fair potential for dryland farming and as a source 
of topsoil. 

A typical Yamac pedon was found in the NW, SW, Section 2, T2S, 


RIIW. This pedon was described as follows: 
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Al--0 to 10 cm; brown (10 YR 5/3) silt loam, dark brown (10 YR 3/3) 
when moist; weak medium platy parting to medium very fine 
subangular blocky structure; slightly hard, friable, slightly 
sticky and slightly plastic; common fine and very fine roots; 
slightly calcareous, moderately alkaline; clear smooth 
boundary. 

B2--10 to 32 cm; brown (10 YR 5/3) silt loam, dark brown (10 YR 
3/3) when moist; medium coarse prismatic parting to moderate 
fine to medium subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; common tieehame 
very fine roots; slightly calcareous, mildly alkaline; clear 
wavy boundary. 

B3ca--32 to 62 cm; pale brown (10 YR 6/3) silt loam, dark brown <= 
(10 YR 4/3) when moist; weak medium subangular blocky 
structure; slightly hard, friable, slightly sticky and slightly 
plastic; common fine and very fine roots; calcareous, 
moderately alkaline; clear wavy boundary. 

Clca--62 to 110 cm; very pale brown (10 YR 7/3) silt loam, brown 
(10 YR 4/3) when moist; massive; slightly hard, friable, 
slightly sticky and slightly plastic; few fine roots; highly 
calcareous, strongly alkaline; gradual wavy boundary. 

C2--110 cm; very pale brown (10 YR 7/3) silt loam, brown 


(10 YR 4/3) when moist; massive; soft, friable, slightly 
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sticky and slightly plastic; few fine roots; highly calcareous, 
moderately alkaline; 
The physical and chemical characteristics of this pedon are given in 

Table 14. All of the horizons were nonsaline and nonsodic. The concen- 
tration of plant nutrients appeared normal and adequate to satisfy plant 
requirements. However, the concentration of almost all the plant nutrients 
was lower than that found for the study area. Differences in the geologic 
origin of parent materials may be partially responsible for the different 
nutrient status. Trace element concentrations were within the range expected 
and showed no unusual deviations from the average values for Tract Ca and 
the adjacent areas. Physical traits were rather uniform from horizon to 
horizon, This data is in general agreement with data collected by Mahmoud 
(1977). However, Mahmoud found saline and sodic horizons near the base of 


the pedon. 
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Rivra Series 

The Rivra series consists of deep, excessively drained soils that have 
formed in mixed alluvium of calcareous sandstone and shale origin. These 
soils are found on alluvial fans and in narrow valleys with slope gradients 
ranging from 2 to 8% 

Soils of this series are 150 cm deep or deeper with coarse fragments 
making up 35% or more of the 25 to 100 cmdepth. The soil is calcareous 
throughout, except for the A horizon in some pedons. The A horizon is light 
brownish gray to pale brown, and texture ranges from fine sandy loam to 
sand. Permeability is rapid. The effective rooting depth is 150 cm or more. 
Available water-holding capacity and the organic matter content are low. Both 
surface runoff and the erosion hazard are medium. In some pedons, buried 
A horizons can be found. 

The vegetation found on Rivra soils is dominated by big sagebrush. 
Other shrubs commonly found include green rabbitbrush, greasewood, and 
fringed sage. Herbaceous vegetation commonly consists of western wheat- 
grass, downy brome, basin wildrye, and Indian ricegrass. Rivra soils are 
used almost entirely for livestock grazing and for wildlife habitat. 

A typical pedon of the Rivra series was found in the NE section of 
Tract C-a and located 100 ft north of the information center in the NEG, 


NE, Section 34, T1S, RIIW. This soil was described as follows: 
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Al--0 to 12 cm; pale brown (10 YR 6/3) channery sandy loam; brown 
(10 YR 4/3) when moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; common fine roots; calcareous; 
moderately alkaline; clear smooth boundary. 

Cl--12 to 33 cm; pale brown (10 YR 6/3) very channery fine sandy 
loam; dark yellowish brown (10 YR 4/4) when moist; 
massive; soft, very friable, nonsticky and nonplastic; common 
fine roots; calcareous, moderately alkaline; clear wavy boundary. 

C2--33 to 46 cm; pale brown (10 YR 6/3) channery sandy loam; dark 
yellowish brown (10 YR 4/4) when moist; massive; | 
soft, very friable, nonsticky and nonplastic; common fine roots; 
calcareous, moderately alkaline; clear wavy boundary. 

C3--46 to 82 cm; pale brown (10 YR 6/3) fine channery sandy loam; 
dark yellowish brown (10 YR 4/4) when moist; massive; 
soft, very friable, nonsticky and nonplastic; common fine roots; 
calcareous, moderately alkaline; clear smooth boundary. 

C4--82 to 114 cm; pale brown (10 YR 6/3) fine, sandy loam; dark 
brown (10 YR 4/3) when moist; massive; soft, very 
friable, nonsticky and nonplastic; common fine roots; calcareous, 
moderately alkaline; clear wavy boundary. 

C5--114 to 168 cm; pale brown (10 YR 6/3) very channery sandy loam; 
dark yellowish brown (10 YR 4/4) when moist; massive; 


soft, very friable, nonsticky and nonplastic; few fine roots; 
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calcareous, moderately alkaline. 

Table 15 shows that this Rivra profile is nonsaline and nonsodic. The 
concentration of macronutrients in these horizons is substantially lower than 
the concentrations found in Tract C-a and the adjacent areas. Rivra soils 
are very sandy and apparently able to retain only relatively small amounts 
of macronutrients. The concentration of micronutrients is similar to that for 
the study area. Percentage organic matter is highly variable from horizon to 
horizon. This lack of spatial pattern is typical of young alluvial soils. Trace 
element concentrations were within the ranges expected. The rather uniform 
physical properties of this pedon indicate that little soil weathering a6 taken 


place. This pedon has a low potential to retain water for plant absorption. 
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Torriorthent 

This unnamed Torriorthent series consists of soils which have formed 
in colluvial and alluvial material originating from calcareous sandstone or 
shale. These shallow, well drained soils are generally found on very steep, 
south-facing slopes and canyon bluffs. 

The A horizon ranges from very pale brown to brown sandy loam to 
silt loam, and contains varying amounts of rock fragments. Subsurface horizons 
are generally light colored very channery silt loam or loamy sand. Considerable 
variation is found in almost all soil traits of the Torriorthents. The nature of 
the parent material, steepness of the slope, aspect, and vegetation oa con- 
siderably within this soil type and are major factors in the variable nature of 
this soil type. 

The vegetation occurring on this soil type is sparse. Common components 
of the vegetation include pinyon pine, Utah juniper, greasewood, shadscale, 
rabbitbrush, woody buckwheat, Indian ricegrass, primrose, fringe sage, blue- 
bunch wheatgrass, and silver thistle. These soils have severe limitations 
for essentially all uses, but do serve as a limited wildlife habitat. 

Following is a description of a Torriorthent pedon occurring the SE, 
SW, Section 34, TIS, R99IW, 

Al--0 to 11 cm; very pale brown (10 YR 7/3) light silt loam; yellowish 

brown (10 YR 5/4) when moist; massive; soft, very 
friable, slight sticky and slightly plastic; highly calcareous, 


very strongly alkaline; clear smooth boundary. 
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AC--11 to 37 cm; light gray (10 YR 7/2) very fine channery silt loam; 





& 


brown (10 YR 5/3) when moist; massive; soft, vary 

friable, nonsticky and nonplastic; highly calcareous, strongly 

alkaline; clear wavy boundary; 15% is variegated (5 YR 5/8). 

Cr--37 to 49 cm; very pale brown (10 YR 7/3) very channery silt 

loam; dark brown (10 YR 4/3) when moist; massive; 

soft, very friable, nonsticky and nonplastic; highly weathered 

Green River shale; highly calcareous, moderately alkaline; 

15% is variegated (5 YR 5/8); clear wavy boundary. 

R--49 cm; Green River shale. 

The chemical and physical traits of this soil are presented in Table 16. 
The most striking chemical traits of this Torriorthent are the highly saline 
and highly sodic nature of this soil. These traits severely restrict plant e 
growth and are undoubtably important factors in the sparse vegetative 
cover on Torriorthent soils. It appears that these traits are primarily a 
function of the parent material. The water-soluble macronutrients, 
especially sulfate, are considerably more concentrated in this torriorthent 
soil than in the soils of the study area. The concentration of nitrate is also 
unusually high. Micronutrient concentration is within the range expected, 
although extractable copper is somewhat more abundant in this profile 
than in the other soils examined. Organic matter is low, as expected, due 
to the sparse vegetative cover. Trace element concentrations were within 


the ranges found for the study area, but in almost all cases this profile had 
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a higher concentration of trace elements than the average for the study area. 
This profile has been only slightly weathered and most of the chemical and 


physical traits appear to reflect the nature of the parent material. 
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Other Series 

A very limited number of samples were taken on the Rhone, Parachute, 
Vandamore and Irigul series. These series were located along Cathedral 
Bluffs. All of these series are well drained loamy soils found on upland 
ridges and mountain slopes. ‘They have formed in residuum from sandstone 
and marlstone. The Rhone series consists of deep, noncalcareous, and 
neutral soils with a mollic epipedon more than 40 cm thick. Parachute soils 
are similar to the Rhone soils, but are slightly shallower and have a mollic 
epipedon about 30 cm thick. A wide variety of native shrubs and grasses are 
found on the Rhone and Parachute soils. The Vandamore series consists 
of calcareous, moderately alkaline soils that are moderately deep and do not 
contain a B horizon. Grasses and low shrubs dominate these soils. Irigul 
soils are shallow, chennery, calcareous, moderately alkaline and do not 
contain a B horizon. The native vegetation on these soils is dominated by 


shrubs. 
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Comparison of Soil Series € 


The 0-10 and the 10-50 cm sampling depths were used to compare 
soil traits of six soil series (Table 17). These two sampling intervals were 
used because the differences in soil series traits is most evident in surface 
and near-surface soils where pedogenetic processes have taken place. Three 
series found in the study area were not included due to the small sample size. 

Values of pH for the six soil series were similar and had a range difference 
of only 0. 3 units. 

The Torriorthent is the only series that is saline in the surface 50 cm 
and none of the series are sodic. The cation exchange capacity is lowest for 
the Glendive and Torriorthent series, the two series with the least amount of 
clay. The remaining series had similar cation exchange capacities. 

All series contained similar amounts of ammonium, Nitrate was 
unusually high in the Torriorthent series while extractable phosphorus was 
relatively high for the Glendive and Redcreek series. Water-soluble calcium, 
sodium, and sulfate were unusually high in the Torriorthent series, and 
available potassium was unusually low. Micronutrients did not show much 
variation from series to series, except for a slight copper concentration in 
the Torriorthent series. Of the six series examined, the Glendive series 
appeared to have the best balance of nutrients and would be rated as the most 
fertile. 

Similar concentrations of trace elements were found in all soil series 


with the exception of the Torriorthent. This series contained generally higher 
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concentrations of trace elements, although none of the trace elements examined 
were oanaiae of the range considered normal and nontoxic for soils. ad 
Values of background radiation were very similar for all series. 
Physical traits showed little variation in both water-holding capacity and 
texture. 
SOIL MATERIAL SUITABLE FOR USE IN RECLAMATION 
In most areas of the United States, state reclamation laws require 
that ''topsoil'' be applied to areas disturbed by mining. The definition of top- 
soil varies from state to state, and for the purposes of this study, topsoil is 
defined as natural soil material having chemical and physical Meee.” 


suitable for use as a plant-growth medium. The sampling regime used in this 


study restricts the depth of topsoil to no more than 150 cm, 





Soil properties most frequently limiting the use of soil for topsoil € 
are rock, salinity and excessive sodium (sodic). Material with an electrical 
conductivity of 8.0 mmhos/cm or greater were considered unsuitable for use 
as topsoil. Salinity is especially restrictive during plant germination and 
early growth. If such material were used as topsoil, it is probable that 
eventually plants would become established (as evidenced by undisturbed areas 
where the surface soil has an electrical conductivity of 8.0 mmhos/cm or 
more), but the time span may not be acceptable. Sodic soils restrict plant 
germination and growth and although this restriction may not be great, it 
could complicate and delay revegetation. A certain amount of rock can be 


tolerated in topsoil, but excessive amounts present problems in the movement, 
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grading, and seeding of topsoiled spoils. 

In the process of removing, storing, and respreading topsoil, con- 
siderable mixing will take place and soils with adverse traits may be diluted 
to such an extent that the mixture of soils will be suitable for use as topsoil. 
However, such mixing and the resulting dilution is not considered here and 
must wait until the areas to be disturbed are accurately defined and examined 
in more detail. 

The soil series was used as the basis for determining and mapping 
the depth of topsoil (Figure 3). Tables 18 through 26 give the chemical and 
the physical traits of each sampling interval of each series. In snaitien 
to these data, the depth to rock was also used to determine topsoil depth. 
Before topsoil is removed from a specific area, more soil testing is 
suggested. Topsoil depth is quite variable and the average values given 
in Figure 3 are unlikely to be precise enough for adequate topsoil removal 
from relatively small areas. Such areas should be intensively sampled to 
determine depth to rock and laboratory analyses should be conducted to 
determine salinity, ESP, and available selenium. It would not be necessary 
to examine other soil traits as the data previously presented shows that 
other soil traits restrictive to plant growth are not to be expected. 

Following is a discussion of the topsoil depth found within each soil 


series. 
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Havre Series 

The Havre profile is saline throughout, although only in the 10-50 
cm sampling interval is the degree of salinity high enough to render the 
material unsuitable for use as topsoil (Table 18). A more serious limita- 
tion is found in the concentration of available selenium. The selenium 
content of all four sampling depths was relatively high and may pose a 
health hazard to livestock. However, not all Havre sites are saline and 
high in selenium, and if the problem areas can be avoided, the remaining 
soil in the Havre series would be well suited for use as topsoil down to a 
depth of at least 150 cm. Sites not suited for use as topsoil are: | 


Depth of Restricting 
Sampling Site Restriction, cm Trait 


Ab 50 Selenium 
Sodic 
Saline 

66 0 Saline 
Selenium 


Glendive Series 
Table 19 indicates that, on the average, the Glendive series is 
suitable for use as topsoil down to a depth of at least 150 cm. These soils 
were essentially free of rock. However, some sampling sites in the Glendive 


series contained material not suited for use as topsoil. These sites are: 
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Depth of Restricting 

Sampling Site Restriction, cm Trait 
41 50 Sodic 
42 50 Sodic 
Saline 
45 10 Sodic 
Saline 
61 50 Sodic 
Saline 

Selenium 
18) 10 Saline 
74 50 Sodic 
98 0 Saline 


Castner Series 
Chemical and physical traits of the Castner series (Table 20) indicate 
that these soils are fertile and free of toxicants, and are well suited aoe use 
as topsoil. Individual sampling sites with adverse traits were not found. 
Rock is a limiting factor in the use of this soil, and only the surface 25 cm 
can be used as topsoil. 
Rentsac Series 
The Rentsac series is sodic below the 50 cm depth and would not serve 
well as topsoil. The chemical properties of the surface 50 cm are nonrestrictive 
to plant growth (Table 21). However, considerable rock is found in the 10-50 
cm interval. Depth to rock ranges from 5 to 50 cm and averages 16 cm. 
Thus, only the surface 16 cm of the Rentsac series is suitable for use as 
topsoil. Individual sites where the surface 16 cm has undesirable chemical 


properties were not found. 


COLORADO SCHOOL OF MINES RESEARCH INSTITUTE 108 


Piceance Series 
On the basis of the average chemical traits of this series (Table 22), 
only the 100-150 cm depth would be unsuitable for use as topsoil. This depth 
is both saline and sodic. Depth to rock averages 50 cm and ranges from 30 
to 100 cm. Within the Piceance series no sites were found where the chemical 
traits of the surface 50 cm of soil were unsuited for use as topsoil. Therefore, 
59 cm of topsoil is available, on the average, in the Piceance series. 
Redcreek Series 
The chemical properties of the Redcreek series, as presented in Table 
23, would not restrict the use of these soils as a source of topsoil in the 
reclamation program. Depth to rock ranges from 8 to 50 cm and averages 31 
cm. Thus, suitable topsoil is available to a depth of 31 cm except for the 
sites listed below. 


Depth of Restricting 
Sampling Site Restriction, cm Trait 


99 0 Salinity 
101 0 Salinity 


Yamac Series 
Chemical traits which would render some portions of the average 
Yamac profile unsuitable for topsoil were nad found (Table 24). Depth to 
rock averaged 115 cm and ranged from 40 cm on Mesa 84 to 150 cm just 
east of Tract C-a. However, 115 cm of topsoil is not available at all sites. 


Sites where the topsoil would be less are as follows: 
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Depth of Restricting 
Sampling Site Restriction, cm Trait 
50 100 Salinity 
53 10 Salinity 


Rivra Series 

Although saline material was found at 100-150 cm (Table 25), the 
degree of salinity was low and would not restrict the use of this material as 
topsoil. The Rivra series is quite sandy and, with the exception of the surface 
sampling interval, may not have the potential to retain sufficient water for 
normal plant growth. In addition to being droughty, sandy material retains 
fertilizer poorly and is vulnerable to wind erosion. The 0-10 cm seunpiiiae 
interval is suitable for use as topsoil, but the remaining material is too 
sandy for use as topsoil. 

Torriorthent Series 

Based on the average chemical traits (Table 26), the degree of salinity 
of this series precludes its use as topsoil. In addition, rock is found within 
the first 10. cm. 

Fertilization of Topsoil 

For the soil material considered suitable for use as topsoil, both 
nitrogen and phosphorus averaged 13 ppm. Plants should have an adequate 
supply of these two macronutrients at all times, but an adequate supply is 
especially critical during the early stages of revegetation. The nitrogen 
concentration is relatively low and the application of approximately 30 pounds 


per acre of elemental nitrogen is recommended. The concentration of plant- 
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available phosphorus appears adequate, but the soil should be periodically 
tested to determine the phosphorus status. If the levelfalls below 10 ppm, 
phosphorus fertilizer should be applied to the soil. Other macro- and 
micronutrients occur in adequate to ample concentrations to support normal 
plant growth. 


Evaluation of Processed Oil Shale 
As a Medium for Plant Growth 


Samples of TOSCO processed oil shale from Marathon's Portland 
shale claim approximately 3 miles northwest of Tract C-a were supplied by 
the RBOSP and were analyzed in the same manner as the soil samples. The 
purpose of this investigation was to establish preliminary information concern- 
ing the chemical and the physical properties of processed oil shale and how 
these properties might influence plant growth when the processed shale is 
used as a subsoil. Results of this study are presented in Table 27. Following 
is a discussion of how these parameters may affect plant growth. 
pH 
Processed oil shale from a variety of sources shows a wide range in 

pH. Retorting temperatures, sodium carbonate content of the oil shale, and 

the amount of time the spent shale has been exposed to air are important 

variables influencing pH (Cook, 1974). The RBOSP processed shale had a 

pH of 8.5 in water, a level considered strongly alkaline, but not necessarily 


detrimental to plant growth. 
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Soluble Salt Electrical Conductivity 


The RBOSP processed shale is highly saline and this trait would severely 
restrict the growth of most plant species. However, some grasses including 
Nuttall alkali-grass and saltgrass and some shrubs (greasewood, fourwing 
saltbush, and others) would be unaffected or only slightly affected by the 
salinity in this processed oil shale. The application of nonsaline topsoil 
to the spent shale surface could mitigate the detrimental effects of salinity 
on plant growth. As previously discussed, highly saline material was found 
in the study area at depths greater than 50 cm. Plant growth appeared un- 
affected. This suggests that the saline nature of the spent shale er not 
significantly restrict plant growth if at least 50 cm of nonsaline topsoil 
is applied to the shale. However, salinization of the topsoil can occur. 
Harbert and Berg (1974) leached TOSCO spent shale and applied 15 cm of 
topsoil to the shale. The spent shale averaged 15 mmhos/cm in electrical 
conductivity, At the end of a four-month period, the electrical conductivity 
of the topsoil increased from 3 to over 10 mmhos/cm. Both the shale and the 
soil were of similar texture and salts contaminated the topsoil by the process 
of capillary rise. No salinization occurred in the topsoil when 30 cm of top- 
soil was applied to unleached processed oil shale. Apparently, sufficient water 
was not present for capillary movement. When U.S. Bureau of Mines (USBM) 
processed oil shale was used (electrical conductivity of 10 mmhos/cm), 
salinization of the topsoil did not occur. This was at least partially due 


to the coarse texture of the USBM processed shale and this apparently formed 
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a barrier to the upward capillary movement. Thus, the application of nonsaline 


topsoil to RBOSP processed oil shale may or may not alleviate salinity problem: 


Exchangeable Sodium Per centage 


The RBOSP processed shale had an ESP of 25.1 and consequently, 
water penetration and root growth into this shale will be restricted. How- 
ever, the degree of restriction is lessened because this shale contains 
only 6.3% clay. Sodic material was found in the Tract C-a study area and 
when this material was deeper than 50 cm below the surface, plant growth 
appeared unaffected. Thus, if at least 50 cm of nonsodic topsoil is applied 


to the processed soil shale, ESP should not seriously restrict plant growth. 


Plant Nutrients 

The concentration of nitrogen and phosphorus were surprisingly high 
for processed oil shale. However, the nitrogen in the ammonium may not 
be readily available for plant uptake (Berg 1973). Ample amounts of avail- 
able potassium, water-soluble macronutrients, and micronutrients were 
found in the spent shale. The analyses indicate that fertilization of processed 
oil shale would not be necessary if sufficient topsoil is applied. 

The concentration of sulfate in the spent shale is extremely high, but 
any direct toxicity due to the sulfate ion is not expected. 

Relatively high amounts of exchangeable molybdenum were found in 
the RBOSP processed oil shale. While these high concentrations of molybdenum 


are unlikely to restrict plant growth, plants growing on revegetated spent shale 
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may absorb sufficient molybdenum to poison livestock, especially cattle. 
Harbert and Berg (1974) found that the vegetation growing on spent TOSCO 
shale contained relatively high amounts of molybdenum. The high sulfate 
content of the RBOSP processed shale should substantially decrease the plant 
absorption of molybdenum, -As a precaution, before revegetated areas are 
opened to grazing, the forage should be analyzed for its molybdenum content. 
If the molybdenum is found to be greater than 5 ppm, corrective measures 


should be taken. These measures include: 


_— 


- Supplying cattle with a supplemental form of copper 
either through mouth, intravenous injections, or by 
spraying vegetation with a copper compound 
(Underwood 1971), or 
2. Grazing animals other than cattle on reclaimed areas. 
Cattle are very intolerant of molybdenum, sheep are some- 
what tolerant, and horses appear unaffected by forage con- 
taining high amounts of molybdenum (Underwood 1971), 
or 
3. Close the revegetated area to grazing and harvest the 
hay. The molybdenum in hay is considerably less toxic 


than that in green plants (Kubota 1975). 
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Trace Elements 





Arsenic, fluoride, mercury, antimony, and vanadium were substantially 
more concentrated in the processed oil shale (Table 27) than in the soils of the 
study area. However, the concentration of these trace elements was well within 
the range cited in the literature and considered normal for surface soils and 
nontoxic to plants and animals. 

Background Radioactivity 

Background radioactivity of the spent oil shale was slightly higher than 
that found for Tract C-a and adjacent areas, although this radioactivity is 
still within the range considered nonsignificant to living organisms. Devia- 
tions from radiological equilibrium are evident, but appear to be of no 


ecological consequence. 





Physic al Propertie s 


This processed oil shale has the potential to retain sufficient water 
for normal plant growth, although the ESP may restrict water infiltration 
and percolation. The texture is a sandy loam and is typical of much of the 


soil in the study area. 
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Other Environmental Programs 
Archaeological Survey 


The final report, which was released in May 1976, is still under 
review by state and federal agencies. Comments are bring incor- 
porated following a disussion with the reviewer. The cultural 
resource document included archaeological, historical and paleon- 
tological sections. 


Trace Metals 


Trace metals analysis is included in the soil survey and pro- 
ductivity assessment program (Section 2.5.1 .) 


Threatened and Endangered Species 


Sandhill Crane Studies - The greater sandhill crane (Grus cana- 
densis tabia iS considered by the Colorado State Wildlife 
Commission (1973) to be an endangered species if found nesting with- 
in the state. This status applies only to tne Colorado nesting 
population and does not apply to birds found feeding within the 
state or birds found migrating through the state. 


Observations of sandhill cranes in the vicinity of Calamity Ridge 
and Little Duck Creek (17 April 1975), and 84 Mesa (25-30 April 
1975) led to the initiation of special sandhill crane studies in 
the spring of 1975. These studies were continued during the fall 
of 1975 and spring of 1976, and were resumed during this reporting 
quarter. 


The fall 1976 sandhill crane studies were initiated on 20 Septem- 
ber 1976 and completed on 3 November 1976. The purpose of these 
Surveys was to determine whether the birds returned to 84 Mesa 

or adjacent areas during the fall migration. The fall studies 
involved vehicle and foot surveys of 84 Mesa, Tract C-a, Stake 
Springs Draw, Corral Gulch, Yellow Creek and Duck Creek. 


No sandhill cranes were observed in the vicinity of Tract C-a 

or 84 Mesa during the fall 1976 surveys. It appears, therefore, 
that 84 Mesa is not an important migratory stopover for sandhill 
cranes. 
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Species and Groups of Species at the RBOSP Revegetation 
Plots 
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THE 1976 ANNUAL REPORT FOR THE RBOSP REVEGETATION PROGRAM 


The revegetation program for Tract C-a is designed to investigate current 
revegetation technology and to develop a plan to successfully reestablish 
a plant community on the processed shale disposal pile in accordance with 
the environmental stipulations in the oil shale lease. This revegetation 
plan will be developed as a result of extensive field experiments and 
laboratory studies designed to provide data pertinent to Tract C-a. 


Revegetation experiments were initiated in 1975 and 1976. The results of 
these studies will be discussed in separate sections of this report. Section 
1 will discuss data collected during the first growing season of the experi- 
ments initiated in the fall of 1975. Section 2 will outline the objectives, 
methods and preliminary results of the experiments initiated in the fall of 
1976. 
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1.0 - REVEGETATION EXPERIMENTS INITIATED IN 1975 


Hueal Objectives 


The 1975 revegetation experiments are designed for the following: 


e to determine which species when sown in a composite species 
mixture are most adapted to the physical and environmental 
conditions existing on Tract C-a 

e to determine the effectiveness of several mulches in aiding 
establishment of the sown plant species 

e to determine the effects of fertilizer applied at different 
time periods on the sown plant species 

® to determine the effects of aspect on the establishment of 
the sown species. 


haz Methods 


The revegetation experiments initiated in 1975 utilize two locations, R, 
located on a northwest exposure and R» located on a southeast exposure. A 
total of 16 treatments, with 3 replicates of each treatment, were applied at 
each site in a randomized block design. A detailed description of the methods 
utilized in the 1975 revegetation experiments is presented in Section 2.5. 

3.2 of Progress Report 4 (October 1975). The statistical analyses for the 
1975 revegetation experiments are presented in Section 2.5.3.2 of Progress 
Report 5 (January, 1976). 


es Results and Discussion 
1.3.1 Emergence Density Data 
Measurements of emergence density (individuals/ha) at R, and R, were conducted 


during June, 1976. The emergence density data for each of the four permanent 
subplots within a treatment plot at each location are presented in Appendix 


1-1. A summary of the emergence density data for the three replicates (blocks) 
of each treatment at each location is presented in Appendix 1-2. 


The planted grasses with the greatest number of emerged seedlings (Appendix 
1-2) were wheatgrass species (Agropyron spp. is A. smithii and A. riparium) 
and Luna pubescent wheatgrass (Agropyron trichophorum). Indian ricegrass 
(Oryzopsis hymenoides) was more common on R, than Ry and was equal in number 
to Luna pubescent wheatgrass. Green needlegrass (Stipa viridula) was co- 
dominant with Luna pubescent wheatgrass on R;. Basin wildrye was more common 


On Ro than R, but this species had the lowest density of the six grasses 
planted. 


Yellow sweet clover (Melilotus officinalis) was the dominant forb present on 
the revegetation plots (Appendix 1-2). Rocky mountain penstemon (Penstemon 
strictus), cicer milkvetch (Astragalus cicer), and blue flax (Linum lewisii) 
were common subdominants. No scarlet globemallow was encountered during 
June of 1976, but several individuals, possibly invaders, appeared in the 
fall of 1976. The lack of scarlet globemallow germination is probably 
attributable to poor seed quality since the species' presence on tract 
indicates its adaptability to the local environment. 


Rabbitbrush species (Chrysothamnus spp. is C. viscidiflorus and C. nauseosus) 
were the most abundant shrubs on R, (Appendix 1-2). Other common shrubs 
include winterfat (Eurotia lanata) and four=wing saltbush (Atriplex canescens). 
On Rg, the rabbitbrush species and bitterbrush (Purshia tridentata) were co- 
dominants while winterfat and four-wing saltbush were less abundant. All the 
planted woody species germinated with the exception of Utah juniper (Juniperus 
osteosperma). It was expected that Utah juniper would not germinate in 1976 
since it needs a warm-cold stratification sequence to break dormancy (U.S.D.A. 
Forest Service, 1974). Since planting occurred in the fall of 1975, the warm- 
cold stratification periods will not be complete until spring of 1977. 


Plant species at R, with the highest percent emergence (Table 1-1) were generally 
those species which had the highest emergence density. The wheatgrass species 
Luna pubescent wheatgrass, cicer milkvetch, bitterbrush, winterfat, and pinyon 
pine had the highest percent emergence among the planted species. Pinyon pine 
had an exceptionally high percent emergence of 53%. The pinyon pine seed 

used for the 1975 experiments was collected in fall of 1975 from the pinyon- 
juniper habitat surrounding the revegetation plots. Percent emergence was 

not calculated for plant species at R» since a snowfall which occurred on 

June 14, 1976, following completion of the emergence density measurements, 
caused additional germination. Therefore, percent emergence estimates 

for Rp do not reflect the true percent emergence. 


Barley (Hordeum vulgare) and Russian thistle (Salsola kali) were common invaders 
carried onto the treatment plots at both R,; and R»o with the straw mulch. The 
most common invaders from the surrounding area were the forbs twinpod (Physaria 
floribunda), skyrocket gilia (Ipomopsis aggregata), and lobeleaf groundsel 


(Senecio multilobatus). Lupine (Lupinus sp.) was common on R}. 


An Analysis of Variance (ANOVA) was performed to test the following hyptheses 
for each of the dependent variables (number of emerged seedlings, number of 


Surviving seedlings, and percent cover): 


Hgi: All sixteen (16) treatment means are equal. 
H11: At least one of the 16 treatment means is different. 


Ho2: All four (4) mulch treatment means are equal. 
Hi2: At least one of the mulch treatment means is different. 


Ho3: All four (4) fertilizer treatment means are equal. 
H}3: At least one of the fertilizer treatments is different. 


Hoy: The differences among the mulch means are equal across fertilizers. 
Hj4: At least one of the differences among the mulch means is different 
across fertilizers. 


Hos: All twenty-one (21) planted species means are equal. 
His: At least one of the planted species means is different. 


TABLE 1-1 


PERCENT EMERGENCE OF SPECIES PLANTED ON THE 
RBOSP REVEGETATION PLOT R, 


% Emergence 





Grasses 
Agropyron trichophorum ai 
Agropyron spp. 31 
Elymus cinereus 2 
Oryzopsis hymenoides- 3 
Stipa viridula 3 
Forbs 
Astragalus cicer 10 
Hedysarum utahensis! -- 
Linum lewisii 4 


Mel¥iotus officinalis! -- 
Penstemon strictus! -- 


Sphaeralcea coccinea 0 


Shrubs 
Artemisia tridentata 
Atriplex canescens 
Cercocarpus montanus 
Chrysothamnus spp. 
Eurotia lanata 
Juniperus osteosperma 
Pinus edulis 
Purshia tridentata 
Rhus trilobata 


A 
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1Percent emergence not calculated since number of seeds/Ib not available. 


Hog: . The differences among the species means are equal across treat- 
ments. 

Hig: At least one of the differences apeng the species means is dif- 
ferent across treatments. 


Ho7: The differences among the species means are equal across mulches. 
H17: At least one of the differences among the species means is dif- 
ferent across mulches. 


Hog: The'differences among the species means are equal across fertilizers. 
Hyg: At least one of the differences among the species means is dif- 
ferent across fertilizers. 


Hog: The differences among the species means are equal across fertilizers 
and mulches. 

H19: At least one of the differences among the species means is dif- 
ferent across fertilizers and mulches. 


The results of the ANOVA are listed in Table 1-2 for location R, and Table 
1-3 for location R>. 


The F-ratio is calculated by dividing the mean square listed in the numerator by 
the mean square listed in the denominator for the terms listed under the sources 

of variation. This calculated result is then compared to the appropriate F-value 
in a standard table (A-Table 5) (Pearson and Hartley, 1972) for a given pair of 
degrees of freedom. Those results that are statistically significant at the 0.05 
and 0.01 level are identified by asterisk(s). For purposes of this report the dis- 
cussion will be limited to the significant main treatment effects. of mulch and 
fertilizer. 


For R, the AVOVA table (Table 1-2) for emergence density indicates that the 
Statistical hypotheses Ho2, Hos, Ho7, and Hgg are rejected at the stated 
levels of significance. The rejection of Hg» indicates that at least one of 
the mulch treatment means is different. 


Duncan's multiple range test (Duncan, 1955) was used to compare the mulch 
treatment means to determine which means are different and which means are 
equivalent. The results of applying Duncan's multiple range test to the 
mulch treatment means for emergence density at location R, suggests that 
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Significant differences exist among each of the four means. The multiple 
comparison of average emergence density of mulch treatments (Table 1-4) 
indicates that plantings with straw results in greater emergence than each 
of the other three mulch treatments. 


For R, the ANOVA table (Table 1-3) for emergence indicates that the statistical 
hypotheses Hoi, Ho2, Hos, Hog, Ho7, Hogs, and Hogg are rejected. The rejection of 
Hoa indicates that at least one‘of the mulch treatment means is different. The 
multiple range test (Duncan's) of the mulch treatment means at R» suggests 

that each of the means is significantly different. Comparison of the average 
emergence density of mulch treatments (Table 1-5) indicates that plantings 

with straw result in higher emergence density than do the other three mulch 
treatments. 


An ANOVA was performed to test each plant species and group of plant species 
at R,; and R» with respect to the number of emerged seedlings. The results 
of these ANOVA are listed in Appendix 1-3. 


1.3.2 Survival Density Data 


Measurements of survival density (individuals/ha) at R, and Rowere performed 
during August and September 1976. The survival density data for each of the 
four permanent subplots within a treatment plot at each location are pre- 
sented in Appendix 1-4. A summary of the survival density data for the 

three replicates (blocks) of each treatment at each location is presented in 
Appendix 1-5. 


Species with the greatest number of seedlings surviving the first growing 
season at R, and Ry are similar to those with the greatest number of emerged 
seedlings (Appendix 1-5). Only one species, basin wildrye, did not survive 
the first growing season at either R, or Ro. The relative abundance of 
surviving invader species is also similar to that of emerged seedlings except 
that the abundance of lupine was reduced at R,. 


TABLE 1-4 


SUMMARY OF AVERAGE EMERGENCE DENSITY 
(INDIVIDUALS/HA) OF PLANTED SPECIES 
IN EACH OF SIXTEEN TREATMENTS AT THE RBOSP REVEGETATION 
SITE R, DURING JUNE, 1976 


Mulch Fertilizer Application Planted 
None None 767,500 
None Fall 107,500 
None Spring 548 , 333 
None Fall-Spring 670,000 
Hydromulch None 885,833 
Hydromulch Fall 439,167 
Hydromulch Spring 410,000 
Hydromulch Fall-Spring 135,000 
Straw None 808 , 333 
Straw Fat? = 760,833 
Straw Spring 1,015,000 
Straw Fall-Spring 535,000 
Netting & Straw None 15229), [66 
Netting & Straw Fall 179,167 
Netting & Straw Spring 996,667 
Netting & Straw Fall-Spring 562,500 


Average Density of Mulch Treatments 


None 23.008 
Hydromulch 467,500 
Straw 779,792 
Netting & Straw 741,875 


Average Density of Fertilizer Treatments 


None 922,/08 
Fall 371,667 
Spring 742,500 
Fall-Spring 475,625 


TABLE 1-5 


SUMMARY OF AVERAGE EMERGENCE DENSITY 
(INDIVIDUALS/HA) OF PLANTED SPECIES IN EACH OF SIXTEEN TREATMENTS 
AT THE RBOSP REVEGETATION SITE Ro. DURING JUNE, 1976 


Mulch Fertilizer Application Planted 
None None 271,667 
None Fal 169,167 
None Spring 136,667 
None Fall-Spring 85,833 
Hydromulch None 180,000 
Hydromulch Fall 194,167 
Hydromulch Spring 378,333 
Hydromulch Fall-Spring 294,167 
Straw None 439,167 
Straw i Fall 204,167 
Straw Spring 396,667 
Straw Fall-Spring 570,333 
Netting & Straw None 106,667 
Netting & Straw Fall 193,333 
Netting & Straw Spring 270,833 
Netting & Straw Fall-Spring 283,333 


Average Density of Mulch Treatments 


None 165,833 
Hydromulch 261,667 
Straw 402,709 
Netting & Straw 213, 54¢ 


Average Density of Fertilizer Treatments 


None 249,375 
Fall 190,208 
Spring 295,625 
Fall-Spring 308,542 
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Percent survival for planted and invader species at R, (Table 1-6) was 

higher for the hydromulch and no mulch treatments than it was for the straw 
mulches. Since mulch is expected to effect survival rates directly it might 
be concluded that straw mulch is less effective than hydromulch in increasing 
survival. Plant densities must also be considered before reaching conclusions 
regarding the effectiveness of various mulches in improving plant establish- 
ment. Percent survival was not calculated for Ro, as discussed in Section 
3.1 


For R; the ANOVA table (Table 1-2) for survival density indicates that the 
statistical hypotheses Ho2, Hos, Hog, Ho7, and Hogg are rejected. The rejection 
of Hp> indicates that at least one of the mulch treatment means is different 
The results of the multiple range test indicate that plantings with hydro- 
mulch and the plantings with no mulch are equivalent and that each of the 
other two mulch treatments are different. Comparison of the average 

density of mulch treatments (Table 1-7) indicate that plantings with straw 
plus netting resulted in the highest survival densities at R,. 


For Ro the ANOVA table (Table 1-3) for survival indicates that the following 
statistical hypotheses should be rejected: Ho;, Ho2, Hos, Hog, Ho7, and Hog. 
As with R,, the rejection of Ho» indicates that at least one of the mulch 
treatment means is different. However, the multiple range test of survival 
treatment means at R» suggests that the four treatment means are different. 
The average survival density of mulch treatments (Table 1-8) indicates 

that plantings with straw mulch resulted in the highest survival densities 
at Ro. 


An ANOVA was prepared to test each plant species and group of plant species 


at R, and Ry with respect to the number of surviving seedlings. The results 
of these ANOVA are listed in Appendix 1-6. 


1] 


PERCENT SURVIVAL OF PLANTED SPECIES FOR EACH TREATMENT 


TABLE 1-6 


APPLIED TO THE RBOSP REVEGETATION PLOT Ry 


Mulch 


None 

None 

None 

None 

Hydromulch 
Hydromulch 
Hydromulch 
Hydromulch 
Straw 

Straw 

Straw 

Straw 

Netting & Straw 
Netting & Straw 
Netting & Straw 
Netting & Straw 


Fertilizer 


None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 


Planted 


78 
95 
72 
88 
85 
99 
83 
5 
68 
65 
68 
66 
89 
67 
64 
70 


Average Percent Cover for Mulch Treatments 


None 

Hydromulch 
Straw 

Netting & Straw 


83 
9] 
67 
13 


Average Percent Cover for Fertilizer Treatments 


None 

Fall 

Spring 
Fall-Spring 


80 
82 
72 
80 


TABLE 1-7 


SUMMARY OF AVERAGE SURVIVAL DENSITY (INDIVIDUALS/HA) 
OF PLANTED SPECIES IN EACH OF SIXTEEN TREATMENTS AT THE 
RBOSP REVEGETATION SITE R, DURING AUGUST-SEPTEMBER 1976 


Mulch Fertilizer Application Planted 
None None 595,000 
None Fall 102,500 
None Spring 393,333 
None Fall-Spring 586,667 
Hydromulch None 750,833 
Hydromulch Fall 436,667 
Hydromulch Spring 398 333 
Hydromulch Fall-Spring V28396 
Straw None 549,167 
Straw Fal] 498 , 333 
Straw Spring 693,333 
Straw Fall-Spring 352,500 
Netting & Straw None 1,097,500 
Netting & Straw Fal 120,833 
Netting & Straw Spring 640,833 
Netting & Straw Fall-Spring 395 ,833 


Average Density of Mulch Treatments 


None 419,375 
Hydromulch M3), 542 
Straw Bye yO} SI) 
Netting & Straw 563,750 


Average Density of Fertilizer Treatments 


None 748,125 
Fall 289,583 
Spring 516,458 
Fall-Spring 3651833 


NS) 


TABLE 1-8 


SUMMARY OF SURVIVAL DENSITY (INDIVIDUALS/HA) 
OF PLANTED SPECIES IN EACH OF SIXTEEN TREATMENTS AT THE 
RBOSP REVEGETATION SITE Rp DURING AUGUST-SEPTEMBER 


Mulch 


None 

None 

None 

None 

Hydromulch 
Hydromulch 
Hydromulch 
Hydromulch 
Straw 

Straw 

Straw 

Straw 

Netting & Straw 
Netting & Straw 
Netting & Straw 
Netting & Straw 


Average Density of Mulch Treatments 


None 

Hydromulch 
Straw 

Netting & Straw 


Average Density of Fertilizer Treatments 


None 

Fall 

Spring 
Fall-Spring 


1976 


Fertilizer Application 


None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
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Planted 


230,000 
193,333 
137,500 
125,833 
217,500 
220,000 
395 ,833 
250,833 
367,500 
250,000 
344,167 
483 , 333 
115,833 
194,167 
209,833 
316,667 


171,667 
271,042 
361,250 
220,625 


232,708 
214,375 
283,303 
294,167 


1.3.3 Percent Cover Data 


Measurements of percent cover at R, and R» were conducted during August and 
September 1976. The percent cover data for each of the four permanent sub- 
plots within a treatment plot at each location are presented in Appendix 1-7. 
A summary of the percent cover data for the three replicates (blocks) of 
each treatment at each location is presented in Appendix 1-8. 


The percent cover at R, (25%) (Table 1-9) was approximately 30% higher than at 
R, (17%) (Table 1-10). The plant species which contributed the greatest por- 
tion of total cover were the wheatgrass species, Luna pubescent wheatgrass, 
yellow sweet clover, barley, and Russian thistle (Appendix 1-8). Four-wing 
saltbush, winterfat and rabbitbrush were the only shrub species which contri- 
buted'to total cover. The other shrub species were seedlings at the time of 
Survival measurements and provided less than one percent cover. 


For R, the ANOVA table (Table 1-2) for percent cover indicates that the 
Statistical hypotheses Ho], Ho2, Ho3, Hos; Hog, Ho7, Hog, and Hg9, are rejected. 
The rejection of Hoo and Ho3 indicates that at least one of the.mulch treat- 
ment means and at least one of the fertilizer treatment means is different. 
The results of the multiple range tests of both mulch treatment means and 
fertilizer treatment means suggest that all four of the means are different 
in each case. The average percent cover of mulch treatments (Table 1-9) 
indicates that plantings with hydromulch resulted in the highest percent 
cover of planted species followed by plantings with no mulch at R,. The 
average percent cover of fertilizer treatments (Table 1-9) indicates that 
plantings with no fertilizer resulted in the higher percent cover at Rj. 


The differences in muich effectiveness which occur for the parameters analyzed 
(planted species vs. total species) indicate that caution is necessary when 
interpreting the results of these studies, since differences which are inherent 
in the invader group may negate any statistical differences indicated by an 
analysis of variance. Invaders include two types of species. The first type 
includes barley and Russian thistle which invade as a result of their association 
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TABLE. 1=9 


SUMMARY OF PERCENT COVER |. 


OF PLANTED, INVADER, AND TOTAL PLANT SPECIES 


IN EACH OF SIXTEEN TREATMENTS ON RBOSP REVEGETATION SITE Rj 


Mulch 


None 

None 

None 

None 

Hydromulch 
Hydromulch 
Hydromulch 
Hydromulch 
Straw 

Straw 

Straw 

Straw 

Netting & Straw 
Netting & Straw 
Netting & Straw 
Netting & Straw 


Average Percent Cover of Mulch Treatments 


None 

Hydromulch 
Straw 

Netting & Straw 


DURING AUGUST-SEPTEMBER, 1976. 


None 

Fall 

Spring 
Fall-Spring 
None 

Fal 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 


Fertilizer Application 


Planted 


18 

8 
13 
16 
20 


14 
15 

8 
10 


Average Percent Cover of Fertilizer Treatments 


None 

Fall 

Spring 
Fall-Spring 


16 


12 
10 


Invader 


22 
20 


12 
12 
14 
15 


Total 


20 
10 
21 
24 
23 
20 
20 
16 
37 
28 
25 
29 
30 
25 
34 
33 


ie) 
20 
30 
3] 


28 
2] 
25 
25 


(in large numbers) with the straw mulch. The other type invades in low numbers 
undisturbed areas surrounding the revegetation plots. Therefore, a significant 
statistical difference in density is due to difference between the two invader 
types and is not due to the treatments which are presently being tested. 


For R» the ANOVA table (Table 1-3) for percent cover indicates that the null 
hypotheses Hg2, Hos, Hog, and Hg7 are rejected. The rejection of Hg» indicates 
that at least one of the mulch treatment means is different. The multiple 


from 


range test results suggest that each of the four means is significantly different 


at the 0.05 level. Comparison of the average percent cover of planted species 
for mulch treatments (Table 1-10) indicates that plantings with hydromulch 
result in the highest percent cover while plantings with hydromulch result in 
the next highest percent cover at R>. 


An ANOVA was performed to test each plant species and group of plant species 
at R,; and Rg with respect to percent cover. The results of these ANOVA are 
listed in Appendix 1-9. 


1.3.4 Environmental Data 


Soil samples collected at R, and R» for chemical analysis (Table 1-11 and 1-12) 
during November, 1975 indicate that the loamy soils are alkaline (pH of R, 
ranges from 7.8 to 8.8; pH of R» ranges from 7.7 to 9.5). In general, con- 
ductivity and organic matter levels are low. Nutrient levels are generally 
adequate except for phosphorus which is deficient. Nitrate:levels are adequate 
at the surface but decrease greatly at subsurface levels. 


Soil platings of samples collected during November, 1975 were made during 1976. 
The species which germinated in these platings are listed in Table 1-13. 


Soil samples for soil moisture determinations were collected at R, and Ro 

in June, September and November, 1976. The soil moisture levels occurring on 
Ri (Table 1-14) were generally higher than those on R, (Table 1-15). This 
relationship is related to the site locations since R, is a northwest exposure 
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TABLE 1-10 
SUMMARY OF PERCENT COVER 


OF PLANTED, INVADER, AND TOTAL PLANT SPECIES 


IN EACH OF SIXTEEN TREATMENTS ON RBOSP REVEGETATION SITE Ro 


Mulch 


None 

None 

None 

None 

Hydromulch 
Hydromulch 
Hydromulch 
Hydromulch 
Straw 

Straw 

Straw 

Straw 

Netting & Straw 
Netting & Straw 
Netting & Straw 
Netting & Straw 


DURING AUGUST-SEPTEMBER, 1976. 


Fertilizer Application 


None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 
None 

Fall 

Spring 
Fall-Spring 


— — 
AO OnNNWOFWOWOr MW OO ON WO WO 


Average Percent Cover of Mulch Treatments 


None 

Hydromulch 
Straw 

Netting & Straw 


Average Percent Cover of Fertilizer Treatments 


None 

Fall 

Spring 
Fall-Spring 
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Planted 


Invader 
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14 
17 


10 
10 


Total 


) 
10 

8 

I; 
10 
10 
Wy 
W2 
18 
22 
25 
28 
18 
25 
28 
Zi 


Iz 
23 
25 


14 
17 
20 
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TABLE 1-13 


PLANT SPECIES WHICH GERMINATED FROM THE SOIL PLATINGS 
COLLECTED AT Ry AND Ro IN NOVEMBER, 1975 





Sample Number Location 
Ry Ro 
1 None . Senecio multilobatus 
Gutierrezia sarothrae 
2 Gutierrezia sarothrae Arabis sp. 
Gutierrezia sarothrae 
3 Haplopappus sp. None 


Unknown forb! 


lForb could not be identified 
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and Ro is a southeast exposure. Both sites had low soil moisture at the sur- 
face regardless of the sampling date. Values at the 15 cm, 30 cm, and 45 cm 
depths generally decreased from June through November indicating that the soil 
moisture of subsurface soils was depleted durtng the growing season and was 
recharged by winter snow. 


The rainfall measured at R, and Ry during mid-June to November, 1976 is pre- 
sented in Table 1-16. These rainfall amounts were similar to the precipitation 
measurements obtained at meterological site 1 during the same period (Progress 
Report 8, 1976). 


4 Summary 


Emergence density, survival density, and percent cover data were collected 
during the first growing season for the revegetation experiments initiated in 
1975. Results of an analysis of variance on these data indicate that 
Significant differences occur among species and among treatments. The results 
of the statistical analyses are complex and one must be cautious when inter- 
preting and drawing conclusions concerning these data. 


The analyses of variance show significant differences for a number of variables. 
While the density data indicate differences among mulch and fertilizer treat- 
ments, these differences cannot be considered conclusive unless appropriate 
statistical analyses. are conducted. 


Generally, the first year data indicate significant differences among mulch 
treatments. Future measurements of percent cover and biomass should provide 
more valid tests of the effects of fertilizer. Therefore, the first year of 

data represents inconclusive evidence regarding a choice of future revegetation 
treatments. After the present three year revegetation experimental program 

is completed, more conclusive recommendations can be made for future revegetation 
efforts on Tract C=a'. 
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2.0 - REVEGETATION EXPERIMENTS INITIATED IN 1976 


2.1 Objectives 


The objectives of the 1976 RBOSP revegetation experimental program are: 


e to determine if the simulated artificial soil profile can inhibit 
upward capillary migration of salts from Tosco II processed shale 

e to determine which plant species (when sown in a composite mixture 
on the simulated artificial soil profile) are best adapted to the 
environmental conditions existing on a south exposure on Tract C-a 

e to determine if several mulches applied to the simulated artificial 
soil profile are effective in aiding establishment and survival of 
plant species and in reducing erosion 

@ to compare growth and survival of native shrubs that are sown 
directly or planted as tubelings on the simulated artificial soil 
profile. 


20 Methods 

2.2.1 Location and Schedule 

The 1976 revegetation site (R3) is located southeast of drill pad #AM 6369,east 
of the road connecting Wolf Ridge Road and drill pad #GS 6292 (Figure 2-1) in the 
southeast corner of the tract (Section 10). The test site is located on the 


southeast exposure and has a natural slope of approximately 20%. 


Table 2-] outlines the schedule of field events for the 1976 revegetation 
experimental program on Tract C-a. 


2.2.2 Seedbed Preparation 


The 1976 revegetation experiments are designed to simulate the artificial 


soil profile for the overburden/processed shale disposal piles as described in 
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the RBOSP Detailed Development Plan (1976). The following strata simulate 
the proposed artificial soil profile. 


Oh. 5m) (0-5: ie). topsoil 

0.30m (1 ft) subsoil 

0.90m (3 ft) segregated mine run (12 x 0 in. size) 

0.52m (1.75 ft) compacted Tosco II processed shale 

The soil profile was prepared by separately stockpiling topsoil (6 in.), 
subsoil (12 in.), and excavated sandstone (12 in.). Mine run material was 
then obtained by excavating 3 ft of rock material from the revegetation site 
and stockpiling it. A plastic sheet was laid into\;a . 5.5 ft deep prepared 
area to insure that no contamination of ground water will occur and to 
facilitate collection of any leachate for analysis. Due to the limited 
availability of Tosco II processed shale, approximately 20 in. of processed 
Shale was placed on top of the plastic sheet. The processed shale was com- 
nacted to prevent penetration or leaching and to simulate the 5 ft surface 
layer of the compacted processed shale of the proposed disposal pile configura- 
tion. Measurements of the processed shale density and depth at the 1976 
experimental plot are presented in Progress Report 9. The control plot was 
underlain by approximately 20 in. of sandstone excavated from the revegeta- 
tion site and which had been previously stockpiled. Following compaction of the 
processed shale, 3 ft of segregated mine run overburden (12 x 0 in. size) 

was bulldozed over the processed shale and the excavated sandstone of the 
control plot. Estimates of the percent fines occurring in the artificial soil 
profileare presented in Progress Report 9. This 3 ft layer of mine run over- 
burden represents a combination of the large and crushed rock layers as 
outlined in the RBOSP Detailed Development Plan. The topsoil and subsoil 

were replaced in proper sequence. The edges of the simulated artificial soil 
profile were graded to improve the aesthetic appearance of the revegetation 
plots. 


Catchment basins were constructed along the upper edge of the artificial 
soil profile to reduce erosion. 
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2.2.3 Plot Layout 


The 1976 revegetation site utilizes a 53 x 53 m (174 x 174 ft) area (0.3 ha 
or 0.70 ac) (Figure 2-2 ). An approximate 23 .m (75 ft) wide boundary area 
surrounding the revegetation site was disturbed by operation of machinary, 
removal and stockpiling of vegetation, and temporary stockpiling of soil 
material. Thus a total of 1.0 ha (2.41 ac) was disturbed by the 1976 
experiments. : 


At the site, each 6 x 6 m plot received one treatment and the 6 treatments 

were replicated six time for a total of 36 plots (Figure 2-2). Each plot 

is surrounded by a 1 m buffer zone, except that a 5-6 m buffer zone exists 

along the outermost perimeter of the treatment plots to reduce microclimatic 
effects and a 3 m buffer occurs in the center of the plot at the interface of 
the processed shale and control area. These microclimatic effects are ex- 
pected to more severely affect the perimeter of the simulated profile and thus 

a larger perimeter buffer zone has been provided at the perimeter than be- 

tween plots. Treatments were allocated randomly in each of three complete blocks 
located adjacent to each of the plots. Within each 6 x 6m treatment plot, a 
minimum of three 1.0 x 0.5 m subplots will be randomly established and permanently 
marked for subsequent data collection. 


The test site was fenced with four-strand barbed wire to discourage large 
grazers, primarily feral horses and cattle. 


2.2.4 Sowing Methods 


Grass, forb, and shrub seed was seeded as a composite mixture after the simu- 
lated artificial soil profile had been prepared and the seedbed graded. Seed 
was drilled into the ground using a conventional grassland drill equipped with 
depth bands and a single-seed box and agitator. Rice hulls were added to the 
seed mixture as a "filler substance" to increase the bulk of seed in the seed 
box. Depth bands insured that seed was not drilled deeper than 2 cm (0.5 to 
0.75 in.). It is expected that drilling will be necessary for the large scale 
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FIGURE 2-2. GENERALIZED PLOT LAYOUT FOR REVEGETATION PLOTS ON 
OIL SHALE TRACT C-a, RIO BLANCO COUNTY, COLORADO (INITIATED IN 
1976). Six treatments (T) - Te) are replicated six times and 
randomly selected. i 
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operation of seeding the disposal piles and it is desired that the present 
studies simulate the large scale operation as much as possible. 


Seed was drilled in 60 m long strips along the- contours of the slope. Since 
the drill has a 2.5 m (8 ft) drilling span, two passes were made to seed the 
6 x 6m plots, leaving a narrow unseeded band along the edge of each plot. 


Drilling resulted in a spacing of 5 to 7 in. between planting rows. 


2.2.5 Species and Sowing Rates 


A composite mixture of grasses, forbs, and woody plants (Table 2-2) was sown 
in preference to pure species stands. This mixture consists of both introduced 
and native species. Nearly all the species (Table 2-2) have demonstrated 
success in earlier species adaptability trials when sown in pure stands in the 
Sagebrush and pinyon-juniper ecosystems (Cook et. al., 1974; Sims and Redente, 
1974). With several exceptions, the preliminary results of the 1975 RBOSP 
revegetation plots indicate that these species are successful when sown in a 
composite mixture on Tract C-a. 


While it would be advisable to use local seed sources (NAS, 1974), they are 
generally not available at present. For the present studies, it was necessary 
to obtain seed from a number of private companies and governmental agencies 
throughout the arid west. 


For the 1976 test, approximately 20 1b of seed per ac were sown, with non- 
grasses (forbs and woody plants) in slight excess (11.0 1b) of the 9.5 1b of 
grasses. The total pure live seed (PLS) per acre is 14.7 1b (grass = 7.92; 
forb = 2.97; woody plants = 3.81). 


Direct seeding of a composite seeding mixture will be compared to plantings 

of tubelings, a popular type of containerized seedling. Tubelings will be 
grown from the same seed lots that were used for direct seeding by the USDA 
Shrub Science Laboratory. Five shrub species (excluding Amelanchier alnifolia) 
and pinyon pine will be utilized for the tubeling treatment. Tubelings will be 
a 18 cu in. size (2 in. x 1.5 in. x 6 in.). The containers are made of high 
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impact styrene with vertical corrugations to enhance downward growth of the 
roots and to discourage root spiraling. There is a hole at the bottom of each 
tube to encourage lateral root development. 


The tubelings will be planted in each treatment plot by hand in early or mid- 
June at a rate of 18 tubelings per plot (1800 tubelings per ac) using three 
tubelings of each of the six species. Tubelings will be randomly planted and 


the location and species of each tubeling will be mapped for later reference. 


2.2.6 Treatments 


For the 1976 tests, a total of six treatments were applied using all possible 
combinations of the following variables: 


Simulated Artificial Soil Profile 

1. Simulated artificial soil profile underlain by excavated 
sandstone ("control"). 

2. Simulated artificial soil profile underlain by Tosco II 
processed shale. 


Mulch Type and Application 
1. No mulch 


2. Hydromulch with wood fiber (0.75 tons per ac) 
3. Native hay followed by crimping (2 tons per ac) 


These mulch treatments are similar to the 1975 mulch treatments with several 
exceptions. The straw mulch treatment has been replaced with a native hay 
mulch which will eliminate the problem of introducing grain species such as 
barley and should reduce the problem of weedy species, such as Russian thistle, 
if good quality native hay is obtained. The straw mulch with plastic netting 
has not been included in the 1976 treatments. Although qualitative observations 
of the 1975 revegetation plots indicate that no wind or water erosion has 
occurred in plots where the straw and- netting treatment has been properly 
applied, the treatment's erosion-reducing potential can only be properly tested 
On a more extreme slope. 
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Because conclusive results of the fertilizer treatments of the 1975 revegeta- 
tion experiments are not expected until biomass is estimated in 1978, the 
fertilizer treatment will be constant in the experiments initiated in 1976. 

A fertilizer application will be made at the beginning of the growing season 
in 1977, when soils data from Tract C-a will be available, to determine the 
rate and type of fertilizer to be applied. 


2.2.7 Plant Response Parameters | 


The following plant response parameters will be measured for each treatment: 
(1) number of emerged seedlings per plot, (2) number of surviving seedlings 
per plot, and (3) percent cover. 


Table 2-3 gives the season of measurement for each parameter and the taxa involved. 
A qualitative measure of alien species success will be obtained from in-situ 
counts of germination in buffer areas and from germination in soil samples 
collected from buffer areas and placed in the greenhouse. In addition, baseline 
data will be available on plant community composition and structure of the 

plot areas prior to site preparation (Limnetics, Inc., 1975). 


2.2.8 Environmental Data 


Soils data will be collected periodically (Table 2-3) during the study period 
to determine more closely the causal links between plant response and the soil 
factors. Soils data will include: 


1. Baseline soil chemistry 
2. Soil moisture 
Se - SON Sail tinitty. 


Three baseline soil chemistry samples were collected prior to planting at the 
test site. Texture, pH, cation exchange capacity, conductivity, percent 

organic matter, and available nitrogen, phosphorus and potassium were determined 
by standard laboratory techniques. 
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Soil moisture in soil samples collected at 15 cm intervals throughout the soil 
column will be measured using standard gravimetric techniques. Soil moisture 
determinations will be made periodically (Table 2-3) on three samples at the 
test site during the growing season. i 


Soil salinity determinations were made at the time of planting and will be made 
at the end of each growing season. Soil samples (total of 108 samples per year) 
will be collected at each treatment plot by soil tube from depths of 0, 1-25, 
and 26-50 cm. Three samples from each row will be composited for analyses 
(total of 36 samples will be analyzed per year). Sample analyses will include 
electrical conductivity to determine the presence of salt and to detect any 
upward migration of salts. Cations (Na’, Mg’, and Ca are the ions expected 
to initially rise by ° capiltary action into the soil profile (Barth, 1976, 
Olsen, 1976). Conductivity estimates will therefore define the effectiveness 
of the simulated artificial soil profile in reducing upward migration from the 
processed shale. 


During construction of the artificial soil profile, perforated plastic pipe was 
inlaid for collection of leachate. Leachate will be collected at three 
locations: (1) at the top of the compacted shale, (2) beneath the compacted 
shale, and (3) at the bottom of the sandstone filler on the control side of 

the experimental area. The leachate will be analyzed for toxic materials 

which may be leached from the shale pile. Duplicate samples will be taken at 
each sampling station twice each year (once after spring snow melt and once 
following heavy precipitation during the growing season). The samples will be 
analyzed for conductivity, fluoride, lead, zinc, mercury, boron, arsenic, 


barium, copper, and chromium. 


Rainfall measurements will be made from April through October at monthly inter- 
vals, uSing standard rain gauges similar to those currently being utilized in 
the 1975 revegetation plots. Rainfall measurements will provide estimates of 
the actual precipitation received at the revegetation plots. 


ou 


eps Results 


The 1976 RBOSP revegetation site (R3) was prepared during the period of Septem- 
ber 29 - November 8, 1976. Prior to disturbing the site in preparation for 
seeding, the vegetation at location R3 was characterized (Table 2-4). 

Site R3; occurs in sagebrush vegetation dominated by Artemisia tridentata. The 
site is adjacent to pinyon-juniper habitat and individuals of pinyon-pine 
(Pinus edulis) and juniper (Juniperus osteosperma) are scattered throughout. 
Bitterbrush (Purshia tridentata) is common. 


Soil samples were collected prior to disturbance for chemical analysis and soil 
moisture determinations. Soil samples for conductivity measurements were 
collected after the seedbed preparation was completed but these analyses are 
not yet complete. 


Soil chemistry analyses (Table 2-5 ) indicate that the loamy soils are alkaline 
(range of 7.5 to 9.2). Conductivity ranges from 2.0 to 3.5 a range which may 
affect very salt-sensitive plants. Percent organic matter is low which is common 
in arid soils and nutrient levels are average with the exception of phosphorus 
which is deficient. These chemical analyses indicate that the fertilizer to 

be applied in spring 1977 will be a nitrogen-phosphorus mixture; no potassium 
will be necessary. Following review of the RBOSP soils report for Tract C-a 

and vicinity, a fertilizer mixture will be chosen. 


Determinations of soil moisture samples collected in September 1976 (Table 


2-6) indicate that soil moisture generally decreased as depth of sample 
-increased. The soil moisture levels were similar to those collected from Rj 


and R, (Tables 1-18 and 1-19) during September, 1976 except that samples taken 
from 0 cm generally had a higher moisture content than the R, and R» samples. 
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TABLE 2-4 


RELATIVE ABUNDANCE OF THE VEGETATION PRESENT ON THE RBOSP 
REVEGETATION SITE R3 ON SEPTEMBER 27, 1976 PRIOR TO PLANTING 


Plant Species Relative Abundance* 


Artemisia tridentata 
Purshia tridentata 
Pinus edulis 


Chrysothamnus nauseosus 
Chrysothamnus viscidiflorus 
Oryzopsis hymenoides 
Chrysothamnus depressus 
Haplopappus sp. 
Juniperus osteosperma 
Senecio multilobatus 
Opuntia polyacantha 
Sphaeralcea coccinea 
Phlox hoodii 

Hedysarum sp. 

Aster sp. 

Penstemon osterhoutii 
Physaria floribunda 
Antennaria sp. 
Amelanchier utahensis 


Bryophyte 

















ETI RSSY [RSI POV (OS) (SS LOU COSY SES (Sp) 


Total Cover = 45% 


*Relative Abundance: 
] = very rare 
rare 
occasional to common 
abundant 
very abundant 


He tte at 


2 
3 
4 
5 
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TABLE 2-6 


i 
SOIL MOISTURE IN PERCENT WATER FOR LOCATION R3 
DURING SEPTEMBER, 1976 


Sample No. Soil Depth 
O cm 15 cm 30 cm 45 cm 
1 13.9 12.7 Tore 9.2 
a 11.4 1.5 10.6 Bedrock 
3 Geers =. ieee: 8:7 Bedrock 
Composite ley. 10.4 10.0 9.2 


(Sis: S25) 3) 


1 
Black (1965). (Weight of wet soil + tare) - (Weight of dry soil + tare 
(Weight of dry soil + tare) - (tare) 


4) | 
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APPENDIX 1-1 


EMERGENCE DENSITY (INDIVIDUALS/HA) OF PLANT SPECIES OCCURRING 
ON THE RBOSP REVEGETATION PLOTS 
JUNE 1976 
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APPENDIX 1-2 


EMERGENCE DENSITY (INDIVIDUALS/HA) OF PLANT SPECIES OCCURRING 
ON THE RBOSP REVEGETATION PLOTS 
JUNE 1976 
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APPENDIX 1-3 


ANALYSIS OF VARIANCE FOR EMERGENCE DENSITY FOR INDIVIDUAL SPECIES 
AND GROUPS OF SPECIES AT THE RBOSP REVEGETATION PLOTS 
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LIST OF COMPUTER CODES FOR THE PLANT SPECIES INCLUDED 


Computer Code 


AGR 
AGR 
AGR 
ORZ 
Bley 
Sil 
LIN 
AST 
HED 
MEL 
PEN 
SPH 
ART 
CHR 
PUR 
CER 
ATR 
EUR 
CHR 
RHU 
JUN 
PIN 
SAL 
CHE 
BRO 
AGR 
CHR 
SEN 
PHY 
CHE 
CHA 
AST 
IPQ 
AVE 
HOR 
BRO 
AGR 
AST 
LUP 
TAR 
PHL 
UNK 
UNK 
UNK 
UNK 


TRI 
SMI 
RIP 


ah ditiee 


CIN 
VIR 
LEW 
Cle 
UTA 
OFF 
STR 
COC 
TRI 
WES 
TRI 
MON 
CAN 
LAN 
NAU 
TRI 
OST 


IN THE ANALYSIS OF VARIANCE 


Scientific Name 


Agropyron trichophorum 
Agropyron smithii 
Agropyron riparium 
Oryzopsis hymenoides 
Elymus cinereus 

Stipa viridula 

Linum lewisii 
Astragalus cicer 
Hedysarum utahensis 
Melilotus officinalis 
Penstemon strictus 
Sphaeralcea coccinea 
Artemisia tridentata 
Chrysothamnus viscidiflorus 
Purshia tridentata 
Cercocarpus montanus 


Atriplex canescens 
Eurotia lanata 


Chrysothamnus nauseosus 


Rhus trilobata 


Juniperus osteosperma 
Pinus edulis 


Salsola kali_ 
Chenopodium album 
Bromus tectorum 
Agropyron spp. 
Chrysothamnus spp. 
Senecio multilobatus 
Physaria floribunda 
Chenopodium sp. 
Chaenactis douglasii 
AS Gels Spr 

Ipomopsis aggregata 
Avena sativa 


Hordeum vulgare 


Bromus sp. 
Agropyron cristatum 
Astragalus sp. 


Lupinus sp. 
Taraxacum officinale 
Phlox hoodii 

Unknown 

Unknown composite 
Unknown legume 


Unknown grass 
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LIST OF COMPUTER CODES (Continued) 


Computer Code 


UNK CRU 
UNK 1 
UNK 2 
GRASS P 
GRASS 1 
FORBS--P 
FORBS I 
SHRUBS P 
TOTAL 
PLANTED 
INVADED 


A-134 


Scientific Name 


Unknown crucifer 
Unk 1 

Unk 2 

Grasses - Planted 
Grasses - Invaded 
Forbs - Planted 
Forbs - Invaded 
Shrubs - Planted 
Total plant species 
Planted species 
{nvaded species 
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APPENDIX 1-6 


ANALYSIS OF VARIANCE FOR SURVIVAL DENSITY FOR INDIVIDUAL SPECIES 
GROUPS OF SPECIES AT THE RBOSP REVEGETATION PLOTS 
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LIST OF COMPUTER CODES FOR THE PLANT SPECIES INCLUDED 
IN THE ANALYSIS OF VARIANCE 









































Computer Code Scientific Name 
AGR TRI Agropyron trichophorum 
AGR SMI Agropyron smithii 
AGR RIP Agropyron riparium 
ORZ HYM Oryzopsis hymenoides 
ELY CIN Elymus cinereus 
STI VIR Stipa viridula 
LIN LEW Linum lewisii 
AST CIC Astragalus cicer 
HED UTA Hedysarum utahensis 
MEL OFF Melilotus officinalis 
PEN STR Penstemon strictus 
SPH COC Sphaeralcea coccinea 
ART TRI Artemisia tridentata 
CHR VIS Chrysothamnus viscidiflorus 
PUR TRI Purshia tridentata 
CER MON Cercocarpus montanus 
ATR CAN Atriplex canescens 
EUR LAN Eurotia lanata 
CHR NAU Chrysothamnus nauseosus 
RHU TRI Rhus trilobata 
JUN OST Juniperus osteosperma 
PIN EDU Pinus edulis 
SAL KAL Salsola kali 
CHE ALB Chenopodium album 
BRO TEC Bromus tectorum 
AGR SPP Agropyron spp. 

CHR SPP Chrysothamnus spp. 
SEN MUL Senecio multilobatus 
PHY FLO Physaria floribunda 
CHE SP Chenopodium sp. 

CHA DOU Chaenactis douglasii 
ASW SP Aster sp. 

IPO AGG Ipomopsis aggregata 
AVE SAT Avena sativa 

HOR VUL Hordeum vulgare 

BRO SP Bromus sp. 

AGR CRI Agropyron cristatum 
AST SP Astragalus sp. 

LUP SP Lupinus sp. 

TAR OFF Taraxacum officinale 
PHL HOO Phlox hoodii 

UNK SPP Unknown 

UNK COM Unknown composite 
UNK LEG Unknown legume 

UNK GRA Unknown grass 
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LIST OF COMPUTER CODES (Continued) 


Computer Code 


UNK CRU 
UNK ] 
UNK 2 
GRASS P 
GRASS I 
FORBS P 
FORBS 1 
SHRUBS P 
TOTAL 
PLANTED 
INVADED 


Scientific Name 


Unknown crucifer 
Unk 1 

Unk 2 

Grasses - Planted 
Grasses - Invaded - 
Forbs - Planted 
Forbs - Invaded 
Shrubs - Planted 
Total plant species 
Planted species 
[nvaded species 
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APPENDIX 1-9 


ANALYSIS OF VARIANCE FOR PERCENT COVER FOR INDIVIDUAL SPECIES AND 
GROUPS OF SPECIES AT THE RBOSP REVEGETATION PLOTS 
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LIST OF COMPUTER CODES FOR THE PLANT SPECIES INCLUDED 
IN THE ANALYSIS OF VARIANCE 









































Computer Code Scientific Name 
AGR TRI Agropyron trichophorum 
AGR SMI paropyron smithii 
AGR RIP Arepyren mipar tus 
ORZ HYM Oryzopsis hymenoides 
ELY CIN Cys ch Siero 
STI.VIR Stipa viridula 
LIN LEW Linum lewisii 
AST aGic Astragalus cicer 
HED UTA Hedysarum utahensis 
MEL OFF Melilotus officinalis 
PEN.STR Penstemon strictus 
SPH COC Sphaeralcea coccinea 
ART TRI Artemisia tridentata 
CHR VIS Chrysothamnus viscidiflorus 
PUR TRI Purshia tridentata 
CER MON Cercocarpus montanus 
ATR CAN Atriplex canescens 
EUR LAN Eurotia lanata 
CHR NAU Chrysothamnus nauseosus 
RHU TRI Rhus trilobata 
JUN OST Juniperus osteosperma 
PIN EDU Pinus edulis 
SAL KAL Salsoila Kalite 
CHE ALB Chenopodium a album 
BRO TEC Bromus tectorum 
AGR SPP Agropyron spp. 

CHR SPP Chrysothamnus spp. 
SEN MUL Senecio multilobatus 
PHY FLO Physaria floribunda 
CHE SP Chenopodium sp. 

CHA DOU Chaenactis douglasii 
AST SP Aster sp. 

IPO AGG Ipomopsis aggregata 
AVE SAT Avena sativa 

HOR VUL Hordeum vulgare 

BRO SP pronus Sp. 

AGR CRI Agropyron cristatum 
AST SP eee Sp. 

EURASE i Lupinus sp. 

TAR OFF Taraxacum officinale 
PHL HOO Phlox hoodii 

UNK SPP Unknown 

UNK COM Unknown composite 
UNK LEG Unknown legume 

UNK GRA Unknown grass 
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LIST OF COMPUTER CODES (Continued) 


Computer Code 


UNK CRU 
UNK 1] 
UNK 2 
GRASS P 
GRASS | 
FORBS P 
FORBS I 
SHRUBS P 
TOTAL 
PLANTED 
INVADED 
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Scientific Name 


Unknown crucifer 
Unk 1 

Unk 2 

Grasses - Planted 
Grasses - Invaded - 
Forbs - Planted 
Forbs - Invaded 
Shrubs - Planted 
Total plant species 
Planted species 
{nvaded species 
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I. INTRODUCTION 


1.1 BACKGROUND 


On October 25, 1974, Mr. Peter A. Rutledge, Area Oi1 Shale Supervisor of 
the U.S. Department of the Interior in a letter to Mr. Walter Herget, 
President, Rio Blanco 0i1 Shale Project (RBOSP) listed conditions for 
approval of the exploration plan of Federal Tract C-a. To comply with 
the conditions it was necessary to begin work on the biology, soils re- 
vegetation and reclamation baseline studies on and adjacent to Tract C-a. 
Most of the baseline studies have been under the direction of other sub- 
contractors, however, Morrison-Knudsen was given the authority by Rio 
Blanco Project to investigate the physical properties of the soil. The 
chemical properties of the soil are being studied by Limnetics, Inc., of 
Denver, Colorado, and the flora and fauna population levels by Environ- 
mental Consultants, Inc. 

A soil investigation program, to meet the requirements of the Area Oi1 
Shale Supervisor, was presented as a proposal to RBOSP in April, 1975. 
The proposal was revised and resubmitted in August, 1975 and approved by 
RBOSP in September, 1975. 


V2, OBJECTIVES 


The major objective of the soil investigations was to determine depth and 
physical properties of the soil both on-and-off tract, where surface dis- 
turbance may be expected. Certain soil tests were specified in the Morrison- 
Knudsen proposal. The purpose of these tests is to provide the lessee with 
data on soils for use in determining the suitability of potential locations 
for surface facilities, such as plant structures, mine waste and processed 
shale disposal areas, and water storage reservoirs. The studies include 
testing to determine the physical properties of rock outcrops and of the 
bedrock beneath soil overburden in those areas which may be affected by 


surface disturbance. 
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The studies also provide data required for the prediction of water move- 
ment from the surface into the ground water system. 


In order to measure the potential of the soils as a source of nutritive 
elements as well as their possible toxicity to vegetation, soil samples 
for each representative soil type were taken and shipped to Limnetics, Inc. 
The results of the chemical tests will be presented in a separate report 


from Limnetics, Inc. 
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SILTY SAND (SM-ML}lcose and el 


larlbedded depcsit cf light b 
moist, non plastic material 
some organic. Approximate di 
tridution of constituents i 
20% gravel sizes, 30% fines, 
50% fine to coarse sand. A few 
layers of dark gray clay or si 
Seismic velocity 1060-16 50ges 
Dart Ian pAame Aeon | “Sad 
SILTSTONE and SANDSTONE 
bedded. Sandstone is reddish 
brown, fine grained, weathered 
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ded, weathered, soft to mod,’ 
hard. Drills to pr, sand spzes 
Seismic velocity ave. 4000fps 
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moderateyhard, thin bedded§ co 
breaks along bedding planes; hs 


ed joints, A few interbedded 
medium to fine grained sandsto 
beds average 0.3ft thick. 
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Stir face, 
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moist, becoming drys ‘slightly 
blastic bec coming £e25S plastic 
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indicated BY Siltstone frue- 
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dium grained sand and Sites 
highly weathered ePossinie bed 
rock seismic velocity 1920-278 
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brown, fine to mediun crn 
weathered, soft to ver 
poorly cemen det Beney) frac~ 
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Tee ie ne a nae, TeROJEC Leen ees soi 
DRILL LOG RoOWBLANCOLOUT, SHALE 


site Left Abutment Damsite 









——e 


+ 


=— 






tos 































































Partly Deconsosed (6439 1. 
SANDSTONE, Brown to néeddieh 

broym, medium to fine grains, 
massive-bedidcd, weathered, sc’ 


split spoon 
At 14" started 
coring with 
NQ-wire-Line 


BEGUN COMPLETED ANGLE FROM HORI2Z' G82), 5 
Water control Reservoir , we 
3 = 1/1976 | 1/13/76 WN Vertical | 
COORDINATES DEPTH/EL GROUND WATER GROUND EL. |DEPTH/EL.,TOP OF ROC: 
P'S555 420 180,960 aes PTGS IRE 9G ROE 
DRILLING CONTRACTOR | CORE RECOV LENGTH/%| SAMPLES | CORE BOXES |DEPTH/EL. BOTTOM OF » cH : 
Engineer Testing Laboratories |86' (99.77) |, 1.1. 9 100.3’ 6339°7= i 
DRILL MAKE AND MODEL LOGGED BY: arise Ia Ls 
CME - 75 C.Cherles Payton & David B. Hendorse}s| | 
AMPLE DATA “Le 
: REMARKS 2 = MATERIAL CLASSIFICATION 
| 
3 az i z WATER LEVELS SE Sale) 
2a e S WATER RETURN ELEVATION] } : PHYSICAL DESCRIPTION I 
wo az|° DRILLING FLUID al eae 3 
a alw CASING DEPTH a «|> 
a Pil ew rae [= 2 
SPT's with a:58 DibDetS.)brom ¢ry,dense 


be 
& 


Ln 
(@p) ¢ 
eA fiver Duarie\ Ctl eu) iarwrexiasiaP Tred Bren vet vy Plesireih tla ce iceat 





’ 


— 
% 


cere 








eS velocity range 5000~ 
SANUSTONE~Brown, medium grail) 7 
massive to irrezularlybedded, 
weathered, coft? core easily 
breaks with a light hammer 
blow. | 


Unconfi 


NQ YZ 20 to very So ca abrades to sana 
& Size with finger pressure 
Gee | Unconfined compressive SEpeaeil 
At 50.4'chan- ae ana ee oy | 
| ged from air Seismic velocity 2400 tri fl 
| -Arilling to ie (above 20.0 faet) Sah 
| d-water drilling, 
SANDSTONE- brovm with slack 
| 69.5! broke organic material throughout 
| —|Ncdiamond bit the core. Below 50 ft. harder 
' f.lmoved drill rig, rock, but still soft and highly 
r—tdrilled another 60 fractured; joint spacing is o-| 4 
| pe{hole with 7" : ft. 
| S|svger to 69.5 Unconfined compressive stren¢ 
| Lithen continued 20 average 2160 psi, 
NO ya iow bth NG), 
| 





nea ee streng< 
2 De ote 


‘ 
, « 





Bottom of hole 


Depth _ 00.53 ft. 
Elev. (6339907 be 


Holle| cembnted to bedreack and 
backfilled with soil to the _ 
surface. 

HolLe| marked with a 1” |jqia. PVC 
and| a metal tag dtamped 














\ 













INTERNATIONAL ENGINEERING CO.2INGC. ShEETLA TB jor 2. 
ee ME PROaECK Ce ee ee 5991 x HOLE NO. 
DRILL LOG RIO BLANCO OIL SHALE PROJECT WR-2 | 
SITE BEGUN COMPLETED ANGLE FROM HORIZ.8BEARING 
Water Control Reservoir 1/5/76 1/7/76 Vertical 
COORDINATES DEPTH/EL GROUND WATER GROUND EL. |DEPTH/EL. ToP oF Rock |N® 
2,060 FE 180,450 13.2°/0352. G2K6! Lt 


ORILLING CONTRACTOR 


Engineers Testing Laboratories 24,2! / 100% 





































ORILL MAKE AND MODEL LOGGED BY: | 
CME - 75 David B. Henderson | 
a REMARKS 2 MATERIAL CLASSIFICATION | 
od |42|,\/e WATER LEVELS ne in 
Pa |28lel > WATER RETURN |ELEVATION| F | 2 PHYSICAL OESCRIPTION 
wo |£z/<|o DRILLING FLUID re cs 
= lS a lie CASING DEPTH Co mg | 
- zojecic oO i 
IMME aeenaae., (exe ff; SANDY SILT-("L) Dark to light | 
18 with 2" dia.ly brown, MOLST, medium dense,sligh: 
s °| Water lasticit | 
29 split spoon | Level |10 plasticity. 1 
4 Two sets of — ee SILTY SAND, gravelly SM&ML; ‘brown, 4 4 
samples for 1/22/76) wet to sayutered may jum dense, t 
es ALomeatinend it Slightly. plastic 
5 physical pro- +) Seismic velocity range between [ 
6 perties tests 0 1200-1700 fps. 
Material dril 
led with 7” 
! dia. hollow 40 
stem auger. i : 
04 CLAYEY SILT{ML-CL) brown to grey, 
p) 4 wet, firm to stiff, slight plas-i]) 
at, [ticity, A few charcoal pieces LL 
bo = througnout the material 4 
aH 
AE 
te Gravelly Sand-brown,wet, gravels 
6295' o wu | of weathered bedrock. : 
Ne 4 j]Started coring F-F' | #>- 71... Partly [decomposed 
__{ with NQ-wire z a SANDSTONE~ greenish grey, fine 
Jline, and dril- 60 24) | to medium grained, weathered, 
Jed.with air. -1]] soft, bedded, dips 2 aba, Open, 4 
[| Sugemie vellocwey Os) stained bedding planzvs. Abrades 
|range 6300-8000 fps. a | Oey vee finger pressure. 
= » i] | Few interbedded thin siltstones, 
664 i \.Sandstone unconfinedcempressive. 
A pidzemeter was instabled; t strenzthias #300 psi. ow 
tip was set at 9 feet Bottom of hole 
Depth "9852 > ft. 
é , Elev. 6267 
Hole jwas;marked with a|1"dia. | Bie Gemencee Ol tow top of — 
PVC i and a metal trg stam; | bedrock. Backfilled with soil 
ped No to surface . 








eho 








INTERNATIONAL ENGINEERING CO., INC. 


 lpeovecrT a —— 
DRILL LOG ____ RIO BLANCO OIL SHALE PROJECR a: 


SITE BEGUN COMPLETED HOLE SIZE |ANGLE FROM HoR'4-GS ap, 48 


Water Control Reservoir 12/15/75 mete Nx & 7 Vertical 


30.” DEPTH/EL GROUND WATER cise BE DEPTH/EL. TOP OF ROCK 


230,795 E 179,960 None G35" 10.5*/6404, 
DRILLING CONTRACTOR CORE RECOV oe odpayeces GORE BOXES |DEPTH/EL. BOTTOM OF bh: / 
N2071f100 % Nesine 27 ol 10007 eae 


Engineer Testing Laboratories 









































ORILL MAKE AND MODEL LOGGED BY: 
CME = 75 David B. Henderson i 
sie eae REMARKS 2 MATERIAL CLASSIFICATION 
Se IZ ole WATER LEVELS 2 
E oie o 4 WATER RETURN ELEVATION 2 PHYSICAL DESCRIPTION rl 
wa |Z] <a} ° DRILLING FLUID a 
2 ieSialw CASING DEPTH a 
eR Zzoaojajc Oo ) 
SPP's driven G: LOPEWASH material, brown to ta: y 
with 2” dia. <A fee serena. to rounded, br; 
v split spcon 0D ken fragments of sandstone up “2 
: me x " ad LO. 22:1 | | 2"(maximum) in asi santies 
LWO SOUS O11 ele | 
ersenpiee vor 2¢ |}; |SANDSTONE~ highly decomposed= 
ie ae i || primarily a clayey sand and sea% 
ee Seeds [2] 14) a7 2 ae Peers er ré,gmy Sandsto |) 
ea tee oa ieee with an average unconfined com - 
a Fa a 2) ,| pressive strength of 17,247 95"; 
fiji] Average Seismic Velocity \ L: 
voree risa ‘OES | SANDS TORE- Se Licht trom to ras 
wiethoNx,cdri) yy ee grained, wentnereds S03 
Sy Balu 7* Auer 60 434 | friable, easily cut with a kad” 
= to 45 and usell =) | ee to irregular bedding, 
Peake one ine. oe: Hignly fracturec. A few black , 
iy = Aa ees Eee organic flakes are visible, Ti 
o| Drilled with : Average unconfined compressive - 
water, no il || strength is 4,055 psi. 
<e| water return £40; ee Seismic velocity average 8, 529 i- 
P= "6.€ oF ty 
o An Se: SANDSTONE- bluish to greenish @ 
~ C0 Ss: grey, medium grained, wea athery © 
SI Be soft, massive-bedded, highly ©; 
i 9 4e fractured Joint spacing 1s Os 
“s Z see ft apart. <A few interbedded , | 
= 4s Siltstenes exist also« Li 
v4 Moo4e: Unconf. comp. str. 1,960 psi. 3 
Hpld tetented below tbp Bottom of Hole Pi 
of bedrgck end backfilled : 
whth scil to surface. Depth 100 feet q 
: : E 
Hdl Te ked with white 1"PVC EleveoteBhoagt. Ui; 
pipd, jand tag number 5. C, = 
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INTERNATIONAL ENGINEERING Co., INC 


DRILL Loc 


SITE 


| PROVECT 


Water Control] Reservoir 
COORDINATES 



































RIO BLANCO OTL § 


SHEET  L. "Ort 














; HOLE NO. 
SRA PROD EC? ay WR=4 
BEGUN COMPLETED ANGLE FROM HORIZ. A8EARING 


2/7 20/7 1? 


DEPTH/ ZL GROUND WATER 








































N 232429 E 179,250 EU e7f C1. 
DRILLING CONTRACTOR 
Engineers Testing Laboratories 15’ 
DRILL MAKE AND MODEL LOGGED Br. | 
CME - 7 Ce. Charles —-Payiion | 
SAMPLE DATA ne) 
= aie REMARKS o|F MATERIAL CLASSIFICATION 
og I=2l \'c WATER LEVELS 2 ales 
2s as ° = WATER RETURN ELEVATION a 2 | PHYSICAL DESCRIPTION 
ww 2 =z < s ORILLING FLUID Ww a ie 
> = wo 2 i CASING DEPTH c RS 
Ie SPf's driven | 6381.0! UY AND: ; L) Brown, moist, | 
I with 2" dia. | water Y) plastic, slow dilatency, medium jj! 
split spoon | level of dry-strength,and Stiri. 
Permeability [~~ |. oe Gera x 
test at Wu’ pores youn th SILTY SAND(SM) Brown, wet to sa~]- 
(21.13x10° em KA/27 ( aaah turated, slightly supe oe low i 
4 | dry strength, a few thin lavers j| 
35 ff of clayey sand, loose. C 
5 3 u isertti at 3 
Soil “too Tr 6349.6 mobs ; 
sampler can'% | #0 1} | SILTY SAND(SM -ML)Grey.: wet, . 
retain sample. af SJEgnt wULy, i loose, low 
6337.4 ier | Sey Sirengsh — i 
cui | SANDY SILT (BL) Gry, moist to _}- 
50H: ; ; 
“} | wet, slightly plastic, losse, - 
HH Pie cohesive, medium -4 
; 60-114 dry strengtn. wu few scat- 
{i | tered small angular rock frag- 
i; | ments. 
oo +Aj |Sands and gravels-brown, wet, 
6305. a Pare =" keane 
ee a 80- SANDS TONE=g7a y, medium grained, 
i +k | Sotto Verynsor t ee e to 
j::i {slightly bedded, dips 10 core | 
628 90-4 |breaks along weak bedding planes 
+ Battom lor once eh 
jter was installled in i sl Da 
sehortip waa eee otf] | | Berth 224%; 
Woke ee ae | | Elev. 6289 ft. 

: : ; | Hole cemented below top of hbed- 
oe pe i. ae «PVG DSpE | rock. backfilled with oat to 
etal tag stamped No. 64 : | ee an 

4 











INTERNATIONAL ENGINEERING CO.,, INC. SHEET...1___0F =e : 


ie er 0 OE ey ace 7 - 


ANGLE FROM HORIQ | “= 


Vertical 
DERTB/EL: TOP OF ROCK © 








PROJECT 


RYO BLANCO OTL SHALE PROJECT 


COMPLETED 


[Rehiasd oon lini 










HOLE SIZE 

NQ & vie 
GROUND EL. 
67 Boor 


SAMPLES 4 CORE BOXES 










DEPTH/EL GRCUND WATER 
[oy 

CORE RECOV LENGTH/%J 

12.2/ 100% 


LOGGED BY. 












DRILLING CONTRACTOR 
Engineer Testing Laboratories 
DRILL MAKE AND NODEL 


Che 


28\4'5* (07 oe 





ty 8 he 
DEPTH/EL. BOTTOM OF HO’ . |}, 
=f 

tab 


C. Charles Payton 
MATERIAL CLASSIFICATION 












SAMPLE DATA 





REMARKS 


WATER LEVELS 
WATER RETURN 
DRILLING FLUID 
CASING DEPTH 


SPT’s driven 
with 2" dia. 
split spoon. 


Permeability 
Teast at 4.4 196781 5 


21. 56x10°° om/see 








ELEVATION PHYSICAL DESCRIPTION 







AND DIA, 





TYPE TOOL 
BLOW COUNT 
RECOVERY 





METHOD N- 





[ 


6786 SITLEY SANDE CONG GAY bac SAND=(Siis,)- 
CL) very stiff,dry, non-plasti: 
low dry-strength, becomes peas 
tic with addition of moisture. 


Seismic velocity average 2280 


a} Partly decomposed 
oh SANDSTONE= brovm, medium grainy) 
RiP ed, decomposed, sort to very mj- 
pi] soft, drills to gravelly sand‘. 
sizes. ¢ 
Increases in hardness wits 67 y:* 
depth. Seismic velocity ave~- - 
rage 5190 fps. 


SANDSTONE=- light drown to brow 

fine to medium grained, wea- 
-i| thered, soft, oS pee slight] 

TEL | bedded, dips -| 10 e 


Irregular open fractures, Core 
breaks with hand pressure. 
Seismic velecity 6660-9000 fps ih 


s ani 
1 


Xess see] GRAPHIC LOG 





Sal 


Drilled with 
7" hollow stem 
auger until 
refusal, 





= 
oO 


. 
ee 





Ja mde mth elie am oath 


fob 
Say 


—, 


Pa (Oe ES eae ee Lae —— pan ae ee eT nas 
= -. - 
* Net Ome r3 7 _ 





Drilled 
| with water, 
Uno return 





—- ! 
—_' 


0) 
no 
Wn 


nw : 
S 
HiSreaer rid Cahir artes Ge: if ree a ne err eat re i Len ie En Se ee 2ee i 
Tee ne 





tees 
' —— 5 
ete te et 
t 


676505 
Hole te ented below bedrock an 
backril ei with soil to} the sur~ 
face, 
- Holl marked with 1" dial. PVC 
pipe 7 number il. 


Bottom of Hole 
Depth 28.5 Ft. 
Elev.e G757s5 fee 


oe ; 
a oe ers 








i 


MOUS: 24 | 

















INTERNATIONAL ENGINEERING CO., INC. SHEET A ort 











PROJECT . JOB NO. HOLE ‘NO. 


RIO BLANCO OIL SHALE PROJECT _ Loe Bly-2 


COMPLETED HG.€ SIZE ANGLE FROM HORIZ.QBEARING 
1/17/76 |No& 7" | Vertical 
DEPTH/EL GROUND WATER GROUND EL. |DEPTH/EL. TOP OF ROCK 
None 6682.0! ' [6EEB 5! 















SITE 


Disposal Area 84 B4- 
COORDINATES 


NA 37 OFOe oo 968.260) 


DRILLING CONTRACTOR 
Engineer Testing Laboratories 
DRILL MAKE ANO MODEL 

VE = 5 





LOGGED BY. 











SAMPLE DATA 











REMARKS bs MATERIAL CLASSIFICATION 
3 Bee tc WATER LEVELS re 
<4 Di] w 2S 
Fa Soe S WATER RETURN ELEVATION A 2 4 PHYSICAL DESCRIPTION 
Wia |Zzl</3 DRILLING FLUID Ww a ||) 
ase Sh hu CASING DEPTH | lene 
be Zzoljac}a oO} ow 


SPf’s driven| 6682.0 


SILTY SAND= (SM) brown, very 
With 2° sda. 


Sci tater firm.) Mois. tolary, 


Se split spoon Slightly plastic. with added- 
wey moist.,low eo medium dry 
eee HAO strength. stimated consti- q 
lou ¥: bed 16 tuents, box, fine to medium 
Ansertks ki=161 9210 sGem/ sec : grained sand, 20% silt, 10% 
ro) 


small rounded gravel. Seismic 
wetaorty O00 Or 


Partly decomposed _ 


ayarnpan ? 





Permeability] 6666-5115. 5) 
test at 9.0’ 
“Ne ae A SANDSTONE= bdrewn, medium grain-~ 
K "1. 26x10 om/pec ed, weathered, decomposed, ver 
soft, friable. 


Gradual increase in hardness 
with depth. 


Seismic velocity average 4500 
1s to gravelly, sand— fpse 
6 material, 


SANDSTONE= broyvn, medium grain 
ed, weathered, soft, fr lable, 

pee ane irregu- 
larly tedded, dip 2° =7 Core i 
breacs eaSily along bedding 2 
a? . planes. A few interbedded mud= 

| was -.1/| gtenes, brown to light brown, 


Material dril 
led with 7"dia. 
hollow stem 
auger until gai: 
-pefusal , 30° : 


Ne jit Vari lived wa th 

‘| NQ-=wire line 
and with wa- 
ter, 0% re- ho 
turn. 





irregular,wavy beds. 
naaly! Seismic velocity range 7500- i 
507::} || 10,000 fps. 
Bottom of Hole 
Filled with sqil to Depth 53.0 ft. 


PVC Elev. 6629 ft. 





INTERNATIONAL ENGINEERING on SHEET) 1 Gp ee 





















PROJECT. +) Jon NO. [Hoe \" 4; 
‘DRILL LOG RIO BLANCO OIL SHALE PROJECT BN | 
SITE BEGUN COMPLETED ANGLE FROM HORIZ. ABEAM 
Disposal Area  84-Mesa 1/6/76 U/7728 ANOLE 7 Vertical 


COORDINATES DEPTH/EL GROUND WATER GROUND EL. ey ‘666 OF ROCK . 
© 56 ‘ 





Ne 2a, 22 & 169,900 None 6669.0' 
DRILLING CONTRACTOR CORE RECOV LENGTH/%} SAMPLES j CORE BOXES |JDEPTH/EL. BOTTOM OF H& 
Engineer Testing Laboratories 158° (80% 2 22,8" /6C46ne" 
DRILL MAKE ANDO MODEL LOGGED BY: 
CME- 7 David B. Henderson 








































deslenedele REMARKS 2 |e MATERIAL CLASSIFICATION 
o< = A c WATER LEVELS x r Ss 
7a} ams) S > WATER RETURN ELEVATION x = PHYSICAL DESCRIPTION 
wa |2z/<a/S DRILLING FLUID Ww ee || Es 
ea ar 5) a CASING DEPTH eo iene 
Ie zaijaja oO 2 
SPf's driven |6669.0' Vy SANDY varaeye ts Brown, dense, Al 
withe cy +dia. 6667.0° Ys moist, slight plasticity. USE 
s 9 — eve 
split spoon al apaleg Partly Decomvosed ‘ 
Ss > 
nee et ear es SANDSTONE- Brown, fine to me- +4; 
ie Busiiea, c “| dium grained, weathered, sorta} 
ue Hevea = | abrades to sand sizes with fir- 4 
Devise Line ‘| ger pressure- Massively bed- : 
tests. dda Th 
. 4 
| Core loss cue prin ae + iy 
Cored with 40 ;] oreakage during rillingse So i 
‘ ; [| ing to sand and Sip wine out of 
NQ-wire-Line cheahole: : 
e ° rate re ai 
Drilled with vf | | Average seismic velocity 5000fr... 
air.-- “ 1 | 
il = 1 
e | 
20 
| ; 
6646.2 +]||SIL@STONE- brown, weathered,sof’, 
oe! ' aaya akhps 4 EN nw fet ot ot ss 
Holle omented below bedrock aric - gottom of Hole : 
ea ae le with soil tq the surface. Depth 22.8 ft. . 


Holle marked with 1" dia. PVC 


! e 6646.2 te | 
2,| tae] number 13. Rev £ 








x 


INTERNATIONAL ENGINEERING CO., 


INC. 


SHEET_1 gf 1 











WS SS 














SS 










DRILL “coe Boorse ay tLe SRALSSEL 
RIO BLANCO QI, SHALE PROJECT 
SITE BEGUN COMPLETED HOLE SIZE aeehe FROM + HCRIZ OBEARING 
> =) 
Disvosal site B8l-Mesa 1/6/75 (76 Na & 7" Vertical 
COORDINATES DEPTH/EL GROUND WATER GROUND EL. |OEPTH/EL yor OF ROCK 
Nee 10 BNS71 060 None 665500" |i /eésu.a +t. 
DRILLING CONTRACTOR : CORE RECOV LENGTH/%} SAMPLES | CORE BOXES |DEPTH/EL. BOTTOM OF HOLE 
Engineering Testing Laboratorips 15'/ 100% kk MR CTO ANY. 





DRILL MAKE ANO MODEL LOGGED BY. 
Cie = 75 David B. Hendersen 


REMARKS 
WATER LEVELS 


SAMPLE DATA 








5 O) Lee 

. wrZ 
24 |25lu 
ea ios © 
wa = < 
az Se = 
peo eee wt} a 
- =o} <« 











Kal 


refusal 


WATER RETURN 
DRILLING FLUID 
CASING DEPTH 


ELEVATION 


DEPTH 


o 
oO 
as 
oO 
x 
a 
< 
cc 
oO 





oPT’s @riven|6605.0 
Withee dias 


split spoon 


FY A Seat ncall 


Permeability 
test. at. 3.3’ 


=5,7x10° “cm/sec 
Material dril- 


catemts 
ence) (8! (2) Tepe. itary 
SSiepur tes Se sraevsse 


ve%e 
oe 


led with 7” . 
dias hollow i 
stem auger _ TO]; 


see oe 
Cee Oo ee OL erate ie se cf fy By OOM. WOME tte Oe) [5 
TTD tees tener rere et reer Te ee TIT RT MIE RTT TH 


a SA Rae th a rien a de 


Augered until 


LS 





ock Cond 


St GPY SAND 


MATERIAL CLASSIFICATION 


PHYSICAL DESCRIPTION 


(SM-ML) brawn, moist. 


SANDSTONE= partly decomposed, : 
orown, medium grained, crills 
to weak, gravelly, sand-sized ma- 
terial. 


Seismic velocity range 2500- 
3500 fps. 


SANDSTONE= brown, medium craine 
ed, weathered, soft, friable, 
massively bedded, breaks eacily 
with Light hammer blow. Surface 
of core easily abrades to sande 
Open joints, reddish brown’ sta- 
jrreds Joint spacing OF 27 ft°asars 
MUDSTONE= brown, weathered,$ fii 


surface easily marked with fin-” 
ger nailjmassively bedded. 
Brenks easily verticalyto core 
length with Light hammer blow. 
Joint-spacing O.5ft°arart. 
Seismic velocity 6000-7500 fps. 
Bottom of hole 
Depth (29 “ft. 


Elevation 6636 ft. 


Ca am Peay Aa) 


INTERNATIONAL ENGINEERING CO., INC. SHEET 1 0 ieee 


PROJECT : . 
DRILL LOG Ie RIO BLANCO OIL SHALE PROJEC? ae Ge Reed 








i 

| 

SITE BEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ. aBEARi:! i} 
Disposal Area 84-Mesa 1/6/76 777 76 NQ & Vertical 

COORDINATES DEPTH/EL GROUND WATER Fors EE geal TOP OF ROCK + 

9,26 E 4 None ae : f 

DRILLING CONTRACTOR CORE RECOV aie ae BOTTOM OF HOL. Ht 

Engineers Testing Laboratories] 17'/100% 10 27' 76539" : 

DRILL MAKE AND MODEL LOGGED BY. 
CME = 7 David B. Henderson 


ro] 


ys MATERIAL CLASSIFICATION 


ATA 
SAMPLE D REMARKS 


WATER LEVELS 


WATER RETURN ELEVATION 
DRILLING FLUID 
CASING DEPTH 


PHYSICAL OESCRIPTION 


ed 


4 
oO 
oO 
res 
tu 
a 
> 
- 


AND DIA. 
METHOD N- 
BLOW COUNT 
ADVANCE 
RECOVERY 





DEPTH 
~| GRAPHIC LOG 


SPT'’s driven | 6566.0 
Wise 2) Gibale 
split spoon 


Sandy Silty CLAY-(SM-CL), light 
brown, moist to dry, moderately 
dense to dense, predominantly 


t) 

al 
al PY 
CS emery! 


} 
| 














9 Permeability Hig grained sands ant 
test at as p') Seismic velocity average 2,200%™ 
ki ay 83x1078 SCC. oI 
6559 25 —-- ee S 
SANDSTONE-partly decomposed 
Permeability brown, coarse to fine grai>. fi 
Lestat a0. 0° wea th Gf Gd Sot ty ieee Ber 4 nyl4j 
eile Seismic Veloci ty average 4EO0Lp. . 
NQ K=7 + 55%1 Bee SANDSTONE=- Light brown, fine 
races set av Soe Sant eed Pt 
i07 fee grained, weatnered, soft to mo ‘ 
ENS derately hard; easily scratches 
Drilled with with fingernail; core abrades : 
6 NQ-wire-~line to sand with finger pressure. ; 
; ae 4h 
= : as Bedded, breaks Rebbe an 
ie Bits wien cross or vertical to length, of F 
ant core. Bedding Aenes din 20° 
Open, vertical, and alond ea 
joints with some yellowisn } 
brown staining. ia 
Seismic velocity between : 
6009-8000 fpse ipl 
A 
| 
4 
* 6539.0 -| 
Bottom of |Hole 


mented to bedrock and Depth 27.0 ft. 3 


a 
backfillbd with soil the BL evetub Sac Lib te | 
surface 
es Hoje mhrked with a i"dia.PVC 

pibeland| a metal tag sitamped No9-> 


- HOLE NO. 
by 


“A 
~~ 








I 


— 














) 















INTERNATIONAL ENGINEERING CO., 


“[PRovecT 


RIO BLANCO 


DRILLING CONTRACTOR 


Envineers Testing Laboratories 

















DRILL MAKE AND MODEL LOGGED BY: 
SAMPLE DATA mS 
REMARKS Oj} k 
ae re > AAS 
Cree Sia | WATER LEVELS x oO 
Peay (26) 215 WATER RETURN ELevaTion| F | 2 
wo |Zz1a/o DRILLING FLUID i hebles 
Sess |eSiiail i CASING DEPTH a elo 
- za0a;jcgjc © rem} 


? re 
eee 


and 

Fe Lerri. 
JAverage seis- 
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3.3 LABORATORY TESTING 


All the soil samples which were collected during field investigations were 
shipped to either Limnetics Inc., Denver, Colorado for chemical tests or 
to Engineers Testing Laboratories (ETL), Phoenix, Arizona for physical 
property tests. Only the physical property tests are discussed in this 
report. A report concerning the chemical tests will be prepared by Lim- 
netics Inc. 


The following tests were performed in the laboratory on the soil samples 
SentstowET ke: 


Atterberg Limits 

Grain Size Distribution Analysis 

Unified Soil Classification 

Standard Proctor Compaction 

Specific Gravity 

One-Dimensional Consolidation - Permeability 
Remolded Permeability 

Direct Shear 

Background Radiation 


In addition to the tests on soil material, unconfined compressive strength 
tests were made on several rock core samples. Testing began early in 
January, 1976 and was completed March 25, 1976. Four copies of the soil 
test data report were submitted to M-K on March 31, 1976, nearly six weeks 
later than expected. 
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of these tests are presented in Table 5.2-1. Piezometers were installed 
in drill holes R-1, WR-2 and WR-4 where ground water was encountered in 
the alluvium. 


Upon completion of each drill hole, the hole was cenented below the surface 
of rock and backfilled with compacted soil to the ground surface. A 1- 
inch-diameter white PVC pipe was placed in each hole to mark its location. 
A metal tag with a number stamped in it indicating sequence of drilling was 
attached to the top of each pipe. After drilling each site was restored 

to near original conditions. All sites were inspected by personnel from 
both the Area 011 Shale Supervisor's office and the Bureau of Land Manage- 
ment office in Meeker, Colorado. 


Drilling and sampling of the 16 holes drilled by ETL took considerably 
longer than originally estimated due to adverse weather conditions. At 
least 2 hours were required eacn morning to prepare the drill rig for 
drilling, as most of the water and air hoses were disconnected each even- 
ing to prevent freezing. It was also necessary to use a D-8 dozer to 
move the drill rig on steep slopes near drill holes R-2, WR-1, 84-1 and 
84-2. 


The total amount of water used throughout the exploration period from 
December 8, 1975 to January 21, 1976 was 5425 gallons. This amount was 
more than originally estimated because it was necessary to empty all water 
tanks in the evening to prevent water from freezing in the tanks during 
the night. 


No survey control was available in the five areas investigated. Therefore, 
locations of the drill holes were determined from surface features recogniz- 
able on colored aerial photographs which were furnished by RBOSP. The 
locations were then transferred to 1" = 500' topographic maps of the project 
area. Coordinates and elevations were scaled, as accurately as possible, 


from the available topographic maps.. 
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@ Cross-country travel shall be kept to an absolute minimum. Exist- 
ing jeep trails and roads will be utilized as much as possible. 


@ A cultural resource inventory on the plant site drill holes shall 
be completed prior to initiating work. 


@ Drilling during winter months when snow becomes deep shall not be 
allowed. This is necessary to reduce stress and harrassment to 
wild horses and deer during critical months. The critical period 
Shall be determined by the District Manager, as winter progresses. 


3.2 FIELD INVESTIGATIONS 


Engineers Testing Laboratories moved their drilling equipment to Tract 

C-a on December 8, 1975 and began drilling on drill hole M-1 in the open- 
pit mine area. All drilling was done with a CME-75 truck mounted drill. 
Soil samples were taken with a 2-inch-diameter split spoon and samples 

were placed in plastic bags or freezer paper and sealed for shipment either 
to Limnetics, Inc. for chemical tests or to Engineers Testing Laboratories 
for physical property tests. Soil samples were also taken of material 
recovered while drilling with the 7-inch hollow stem auger. The auger 
cuttings were collected and placed in canvas sacks for shipment to Engineers 
Testing Laboratories in Phoenix, Arizona. 


The top of bedrock in each drill hole was determined and the rock was 
drilled with NX and NQ diamond bits. Samples of rock core were obtained 
and placed in cardboard boxes and are presently stored at McDowel1-Smith 
Consulting Engineers' warehouse in Rifle, Colorado. 


Permeability tests were made in the drill holes located within the on- and 
off-tract disposal areas and on the water quality control damsite. Two 
types of permeability tests were made. They were falling head tests in 

soil using NX casing as a stand pipe in the drill hole, and water pressure 
packer tests in the deeper holes in bedrock along the dam axis. The results 
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III. DRILLING AND TESTING 


3.1 INTRODUCTION 


Subsequent to approval by RBOSP of the Morrison-Knudsen proposal for field 
investigations the proposal was submitted to five soil testing firms for 
bids on the drilling and testing. 


As the bids were being evaluated, an application was made on October 8, 

1975 to the Bureau of Land Management for a Special Land Use Permit (SLUP) 
for the exploration planned in the plant site, off-tract disposal area and at 
the water quality control damsite. Also a letter was written to the Colo- 
rado Division of Wildlife for permission to drill two holes on their land 

at the water quality control damsite and to pump water for drilling and 
permeability testing from Yellow Creek near 84 Ranch. All exploration work 
planned on Tract C-a was approved by the U.S. Geological Survey. 


The Special Land Use Permit was granted by the Branch of Land Operations, 
Bureau of Land Management on December 12, 1975. Included with the authori- 
zation were special stipulations which had to be complied with and which 


are quoted below: 


e Clearing of vegetation will be kept to a minimum. Vegetation will 
be laid down, not bladed. 


@ Soil disturbance will be kept to a minimum. Pits, holes and othar 
disturbed areas will be filled and recontoured immediately after 


completion of work. 


@ When work is completed, the District Manager shall, on a site-by- 
site basis, determine where and to what extent revegetation is re- 


quired. 


@ Drill holes will be plugged to the bedrock surface with concrete. 
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sand. Ground water is present below an average depth of 12 feet in the 
channel section. , @ 


The bedrock on the right and left abutments and along the spillway is bedded 
to massive, fine to coarse grained, soft, friable sandstone. One hard bed 
of cemented sandstone was found on the right abutment. The upper 20 feet 
of rock will require excavation in order to reach competent rock. Grouting 
will be required to a depth of at least 50 feet into rock to provide an 
impervious foundation along the dam axis. 


Slopes cut into the alluvial material will have to be 2:1 or flatter to 
remain stable. Dewatering of all excavations in the alluvium below the 
water table will be necessary. The alluvium is suitable material for im- 


pervious core of the dam. 


The radiation count of the alluvium is at or below background. 


1 5 


some interbedded mudstones. It is soft to moderately hard and friable. 
Small outcrops of moderately hard massively bedded sandstone are located 
along the slopes north of drill hole 84-2. 


Soils present on the surface of the off-tract disposal area probably will 
provide the permeability and strength needed for foundation material under 
a waste material dump. More detailed analyses will be needed once a pro- 
posed dump height and area is determined. 


Zo OPERNT °SHIEVAREA 


Exploration in the plant area indicates an average soil depth of 4 feet 
except in the deep drainage in the northwest corner of the area where the 
soil is approximately 20 feet deep. The soil, in the plant area, is sandy 
clay and clayey sand with some sandy silt. The soil is underlain by part- 
ly decomposed sandstone which is friable and will break down to a gravelly 
sand sized material during excavations. Approximately 15 to 20 feet below 
the ground surface, a more competent, medium-grained, massively bedded sand- 
stone is present which contains soft and moderately hard beds. The average 
unconfined compressive strength of the massively bedded sandstone is 1400 
psi. If this sandstone is to be used for plant foundations an allowable 
bearing capacity of 30 ksf can be used for foundation design. 


No ground water was encountered in the plant area drill holes and the soil 
samples tested had radiation values at or below background. 


2.6 WATER QUALITY CONTROL DAMSITE 


Geologic profiles of the water quality control damsite axis and the spill- 
way are shown on Exhibit 4. The alluvium in Corral Gulch is up to 75 feet 
deep in the main channel and is composed of sandy silt, sandy clay and silty 
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in Corral Gulch is up to 25 feet deep and is composed of a mixture of € 
sandy silt, sandy clay and gravelly sand. The coefficient of permeability 
of the alluvium is 6.0 X 107/ cm/sec or approximately 0.6ft/yr as deter- 
mined from field tests made above the ground water table. Permeability 
tests below the water table were not possible due to soft saturated allu- 
vium becoming thick mud in the bottom of the drill hole. Undisturbed 
conditions are required for permeability tests. The depth of the water 
table in January, 1976 was 41 feet. The bearing capacity of the alluvium 
was estimated to average 1 ton/sq. ft. Slopes south of Corral Gulch are 
covered by gravelly sandy clay soil which ranges from 8 to 15 feet deep. 
The permeability of the gravelly sandy clay, in place, is approximately 

4 xX ieee cm/sec as tested in drill hole R-2. The average bearing capacity 
is 2.0 tons/sq ft with an angle of internal friction ranging from 30° to 
32° and cohesion of approximately 100 pounds/sq ft. All the soils tested 
in the on-tract disposal area had a radiation count at or below background. 


| / 
2.4 OFF-TRACT DISPOSAL AREA & 


A portion of the 84 Mesa area shown on Exhibit 1 has been designated the 
off-tract disposal area. The soil depth across the majority of the dis- 
posal area is approximately 4 feet and is a very dense sandy clay, sandy 
silt or silty sand. The silty sand soil may be up to 15 feet deep in the 
stream beds which cross the disposal area (see Exhibit 1). Permeability 
tests on consolidated test samples of soil indicate the soil will be im- 
pervious under the load of the waste rock and processed shale dumps. Di- 
rect shear tests of the silty sand indicate that it has an angle of inter- 
nal friction of from 32° to 36° with no cohesion. The sandy silt is esti- 
mated to have an unconfined compressive strength of 2 tons/sq ft. All the 
soils sampled in the off-tract disposal area have radiation counts at or 


below background. 


The depth of competent rock in the off-tract disposal area is approximately 
12 feet. The rock is massively bedded, brown, medium grained sandstone with € 
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data were evaluated and correlated between drill holes. Table 5.1-1 
summarizes the drill hole data giving the location and depth of soil 

at each drill site. The depth of soil was determined jin most areas by 

a careful examination of the soil samples obtained while making standard 
penetration tests. The upper portion of "rock" is usually partly decom- 
posed and is difficult to distinguish from the overlying soil. 


2.2 OPEN-PIT MINE AREA 


The Open-Pit Mine Area is covered with gravelly silty sand, which is 
loose to dense, to an average of 10 feet on the slopes and to 25 feet 

in the bottom of Dry Fork. Below the soil are partly decomposed bedded 
sandstones and marlIstones to a depth of 30 to 40 feet below the ground 
‘Surface. Decomposed sandstone and marlstone can be classified as common 
excavation (see Figure 1). Drilling and blasting will be necessary as. 
mining proceeds below 46 feet in depth. 


Waste material can be placed in dumps and dump slopes up to 38° should 
be stable provided all weak soil cover is removed from the foundation 
area. Permeability of the waste dump will be high initially, but will 
decrease with depth as the height of the’ dump is increased. Two factors 
will contribute to the decrease in permeability from top to bottom of 
the dump: 1) The waste material at the bottom of the dump will be the 
soil and partly decomposed sandstone, mudstone and marl|stone from the 
mine surface. A high percentage of fines and sand will be produced in 
mining, hauling and dumping this material and 2) as the load of waste 
material increases on the material nearer the bottom of the dump, com- 
paction and some consolidation will take, place, reducing the porosity. 


2.3. ON-TRACT DISPOSAL AREA 


The waste material from the mine area may be deposited in the on-tract 
disposal area located in Corral Gulch as shown on Exhibit 1. Alluvium 
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II. SUMMARY | & 


2.1 FIELD AND LABORATORY INVESTIGATIONS 


The soil investigations began on Tract C-a on December 8, 1975. Drilling 
continued between December 8 and December 19, 1975 and between January 5 
and January 22, 1976. Geophysical field work began on December 11, 1975 
and was also completed during two periods of time: December 11 to Decem- 
ber 18, 1975 and January 7 to January 12, 1976. The laboratory testing of 
soil and rock began during the second week of January, 1976 and was com- 
pleted March 25, 1976. The final laboratory test data report was submitted 
to M-K on March 31, 1976 nearly six weeks later than expected. 


Five areas were studied: Open-Pit Mine Area, On-Tract Disposal Area, Off- 

Tract Disposal Area, Plant Area and the Water Quality Control Damsite. - 

Sixteen drill holes were drilled, sampled and tested by Engineers Testing G 
Laboratories (ETL), of Phoenix, Arizona, to determine some of the required 

physical properties of soil and rock on and adjacent to Tract C-a. Summary 

drill logs of the drill holes are included in Appendix A. The test results, 
included in Appendix C, have provided data on the specific gravity, clas- 
sification, compaction, consolidation, permeability, shear strength and 

radiation of soils, and unconfined compressive strength of rock samples 

obtained during the drilling program. ; 


Seventy-one refraction seismic lines were run at selected locations through- 
out the five areas of interest using refraction type seismic equipment. 
Seismic data provided additional information as to soil depth, the thick- 
ness of partly decomposed bedrock and a general idea as to the profile and 
mass strength of the bedrock. Seismic data have been calculated and plotted 


for each seismic line and are included in Appendix B. 


Locations of the drill holes and seismic lines are shown on the area plan 
map on Exhibit 1. Exhibits 2, 3, and 4 show cross-sections of each area € 
and estimated subsurface conditions. Drill hole, laboratory and seismic 


Peal 


IV. GEOPHYSICAL SURVEYS 


4.1 INTRODUCTION 


Seismic surveys were planned to supplement the drilling program. It was 
proposed to use portable seismic equipment to determine soil depth and 
bedrock profiles in the areas not covered by drill holes. Refraction 
seismic surveys would not only determine depth of soil but also would 

give an indication of the bedrock profile and rock strength. Seismic 
data, together with the drill hole data, would provide a more complete un- 
derstanding of soil and rock conditions than drilling alone, and permit 
extrapolation of soils data between drill holes. 


4.2 FIELD INVESTIGATIONS 


Refraction seismic survey work began on December 11, 1975 in the open-pit 
mine area (see Exhibit 1). A RS-4 twelve-channel seismograph was used for 
the geophysical surveys. Explosives were used to generate the necessary 
seismic energy. One stick of 60% gelatin dynamite was used at each end 

of a 300 foot seismic line. Explosives and seismic blasting caps were 
purchased from Explosives Engineering Company in Grand Junction, Colorado. 


A posthole power auger was used to drill holes for the explosives. The 
holes were drilled approximately three feet deep, loaded and detonated. 
After each shot the holes were backfilled with soil. 


The four-man seismic crew worked until December 18, 1975 and then returned 
January 7, 1976 and completed all the seismic work in the five areas on- 
and off-tract by January 12, 1976. The seismic surveys were completed 
without major difficulty and results were adequate for the purposes in- 
tended. 
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V. DATA EVALUATION 


5.1 DRILL HOLE DATA 


Table 5.1-1 summarizes the drill hole data for each of the 16 holes drilled 
during the soil investigations. The location of the drill holes are shown 
on Exhibit 1. Field logs kept during the drilling program are summarized 
for this report and are included in Appendix A. The data obtained during 
drilling, sampling and in situ testing are presented in the summary drill 
logs. Descriptions of the soil and rock materials are also presented 
together with comments regarding strength and drillability. The rock 
material in many holes was soft, easily drilled with the seven-inch auger, 
and it was diffictult to determine if the drilling was being done in soil 
or in rock. With the standard penetration tests it was possible to deter- 
mine when the drill holes reached rock by careful examination of the two- 
inch split spoon samples. Core drilling began as soon as possible after 
the drill hole was in bedrock. The depth of soil is thus shown together 
with a field classification and, in parenthesis, the unified soil classi- 
fications as determined by laboratory tests on some of the soil samples. 
Data from both drilling and seismic surveys were evaluated to determine 
the average soil depth in the five areas under investigation. 


Table 5.1-2 summarizes the field permeability tests made in each of the 
drill holes in the on-tract, off-tract and water quality control damsite 
areas. Also shown is the soil classification or rock type at the depth 
of each test. 


Geologic cross-sections were drawn between each of the drill holes in each 


of the areas and are shown on Exhibits 2 through 4 enclosed with this report. 


5.2 GEOPHYSICAL DATA 


Seventy-one geophysical. lines were run throughout the five areas of interest. 


Locations of these lines are shown on Exhibit 1. Geophysical data calculated 
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from the field records obtained from the SR-4 seismograph are presented 
in Table 5.2-1. Usually, two layers were found and occasionally a third 
layer of higher velocity was found to be present. The average velocity 
for each seismic line and the depth to the two upper layers are shown in 
the table. 


Data from each of the seismic lines has been plotted, as shown in Appendix 
B. From the slope angle of the curves the velocity of the different layers 
can be calculated and the approximated depth to each layer can then be de- 
termined. 


In evaluating the seismic data it was determined that in the off-tract 
disposal area, the depth of soil was not being determined. In comparing 
the seismic data to drill hole information it was found that the soil 
density and the partly decomposed sandstone beds of the Unita Formation 
are of approximately the same density. Thus, there is little seismic wave 
velocity change between the two types of material. Sandstone beds below 
the partly decomposed layers were detected and the top of the second seis- 
mic velocity layer was correlated with the seven-inch-diameter auger re- 
fusal and the depth at which NQ diamond core drilling began. This corre- 
lation is shown on the geologic cross-sections of each area of investiga- 
tion. With the aid of the seismic velocity data, it was possible to cor- 
relate between drill holes and estimate the depth of soil and mass rock 


strength. 


Exploration of the damsite axis illustrates the value of geophysical work 
in determining the rock profile beneath deep alluvium. While drill hole 
data was valuable in determining the depth and type of alluvial material, 
the seismic lines between drill holes WR-3 and WR-2 have shown the possible 
profile of the channel section of Corral Gulch. 


All the seismic data was evaluated and used as an aid in drawing the cross- 
sections and in reaching the conclusions about the physical properties of 
soil and rock in each of the areas under investigation. 
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5.3 LABORATORY TEST DATA € 


All the laboratory soil test data are included in Appendix C. The data 
have been evaluated and soil classifications and strength data have been 
added to the drill logs. The tests have provided preliminary values for 
specific gravity, soil classification, compaction, consolidation, permea- 
bility and background radiation of the soil layers in the five areas 
which were investigated (see Exhibit 1). In addition, uniaxial compres- 
sive strength tests were made of core samples from the plant site area 
and the proposed water quality control damsite foundations. 


VI. CONCLUSIONS AND RECOMMENDATIONS 


6.1 INTRODUCTION 


Following the evaluation of data obtained during drilling and sampling, 
geophysical exploration and laboratory testing, certain preliminary con- 
clusions can be made as to the physical properties of the soil and rock 
which may be disturbed during mine development on Tract C-a. Data from 
each area studied has been evaluated and conclusions reached for each area 
separately. Conclusions about the soil, surface rock and near-surface 
rock are presented below. 


6.2 OPEN-PIT MINE AREA 


A six-year mining operation is being planned in the open pit mine area 

(see Exhibit 1). Soil and overburden rock will be stripped from this: area 
and placed in areas designated for soil or waste rock dumps. The soil will 
possibly be used later during revegetation. 


Drilling and geophysical exploration indicates that the soil is 15 to 50 
feet deep along Dry Fork and increases in depth to the east. The soil is 
gravelly silty sand and is a mixture of alluvium and slope wash deposited 
in discontinuous layers in the bed of Dry Fork Creek. The material can 
be classified as common excavation. Samples taken from drill hole M-1 
indicate that the material can be compacted to a maximum dry density of 
103 lbs./cu. ft. if the moisture content is maintained at approximately 
19%. The permeability, if compacted to maximum dry density in a storage 
pile, would be low (about 4.6 x jie 
tend to flow off the top rather than enter the pile. 


cm/sec.) so that precipitation would 


Soil will average ten feet deep on the slopes south of Dry Fork. The 
material is gravelly silty sand which is dense, dry and has a plastic 
index of ten. This material can also be stripped with dozers and scrapers. 
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The soil in the open-pit mine area, both in Dry Fork and on the hil1-slopes 
to the south, is underlain by partly decomposed interbedded sandstones and 
marlstones. The beds dip two to three degrees east and drills to gravelly 
sand sized material. Depth of the partly decomposed rock varies from 30 

to 40 feet below the ground surface. The partly decomposed marlstone and 
sandstone can be classified as common excavation. The rock should excavate 
easily by ripping along bedding planes and along vertical joints which are 
spaced two to three feet apart. Below approximately 40 feet the rock will 
require drilling and blasting before excavation will be possible. 


Figure 1 illustrates the typical weathering profile found in the five areas 
studied. This profile is representative of all areas except those in the 
stream beds. 


Slopes of the waste rock dump will be stable at an angle of 38 degrees, 
which is approximately the angle of repose for dumped rock. Foundation 
for the waste dump is assumed to be stable for preliminary dump design, 
however, more information is required for stability analyses which will 
be needed prior to final design. 


The permeability of the rock waste dump will be variable. Partly decom- 
posed rock will produce a high percentage of fines during mining, hauling 
and dumping, and therefore, relatively low permeability. The more compe- 
tent rock will need blasting to mine, will produce a smaller percentage 
of fines and consequently, a higher permeability. Over a period of time 
cementation of the dump may occur as moisture from precipitation migrates 
downward through the dump and deposits chemical salts which will decrease 


permeability of dumped materials. 


The proposed north crest of the six-year open pit mine is underlain by 
sandstone and siltstone beds which probably can be stripped to a depth of 
at least 20 feet with a dozer and ripper. 


Cross-section A-A on Exhibit 2 presents a generalized profile of the soil 
and rock conditions anticipated in the open pit area. The vertical scale 
is five times greater than the horizontal scale in order to show some of 
the soil details. 
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Material Description 





Soil - Slope wash or rocky slope 


wash, sandy silt, sandy clay and/or 


gravelly silty sand, brown, loose 


to dense. 


Seismic velocity 1000-2000 fps 


Permeability range 1.0 to 5.0 ft/yr 
Range of thickness 1.0 to 10.0 ft. 


Partly decomposed sandstone, brown, 


medium grained, massively bedded; 
drills with 7" diameter auger, to 


a weak gravelly sand sized material. 


Gravel sized sandstone abrades to 
sand sized material with finger 


pressure. 


Interbedded with partly decomposed 


mudstones and some marlstones, 
some beds are moderately hard. 


Range of 


seismic velocity 


1500-4000 fps 
Permeability average 6.0 ft/yr 


Partly decomposed zone may be up to 


10 ft. thi 


Sandstone, weathered, brown, 
massively bedded, soft to moderately 


ek 


Range of thickness 1.0 to 20.0 ft. 


hard, open joints 2-3 feet apart; 


interbedded mudstones, brown, thin 


bedded, mod. hard; and mod. 
to hard marlstones, thin bedded 


bedding plane joints 0.3 feet apart. 


hard 


Seismic velocity 4500-8500 fps. 


Depth of weathered zone in sandstones 


at least 


SOG: 


Mine area - marltstone, hard, thin 


bedded, seismic velocity - 10,000 fps. 
Range in depth 20.0 to 70.0 ft. 


Figure 1 Representative Soil and Weathered Rock Profile 
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Sandstones, siltstones and marlstones 
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dozer with 
ripper and 


Scrapers with 
some difficulty; 


100% common 


excavation 


some blasting 
of hard boulder 
sized material 
may be required 


dozer with 
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front end 
loader and 


trucks; approx. 
50% of rock 
layers will 
need drilling 
and blasting. 


Drilling and 
Blasting; Truck 


and shovel 


100% common 
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6.3 ON-TRACT DISPOSAL AREA 


The proposed disposal area within the boundaries of Tract C-a is located 

in Corral Gulch (see Exhibit 1). Corral Gulch is filled with approximately 
75 feet of alluvium consisting of layers of sandy silt, sandy clay and 
gravelly sand of varying thicknesses. Near the toe of the slopes both 
north and south of Corral Gulch the alluvium interfingers with gravelly 
silty sand sized material which is slope wash from the weathering and 
erosion of the underlying sandstone. 


General geologic conditions within the gulch and on the slopes are shown 
On cross-section B-B, Exhibit 2. The upper eight feet of alluvium in 
Corral Gulch is primarily sandy silt which is slightly moist, stiff and 
Slightly plastic. If the sandy silt is compacted to a maximum dry density 
“of 100 1b. /ft.? at a moisture content of 21%, the coefficient of permeabil- 
ity will be 7.0 x 107° cm/sec. If the material is not compacted the coef- 
ficient of permeability will be around 4.0 x 108° cm/sec, which is still 
considered to be essentially impervious. 


Below approximately eight feet the alluvium is primarily a sandy clay with 
some rounded, moderately hard gravel. Field permeability tests indicate 
that the coefficient of permeability values for sandy clay is approximately 
64 ctor cm/sec at natural density. 


Ground water within the alluvium was at a depth of 41 feet during the month 
of January, 1976. A piezometer was installed in drill hole R-1 for future 
monitoring of the ground water level. Seismic surveys in Corral Gulch 


also detected the ground water level. 


Bedrock encountered at 75 feet in drill hole R-1 is a partly decomposed 
brown marlstone which is badly fractured along bedding plane joints. Com- 
petent rock, gray, moderately hard to hard, thin bedded marlstone, was 
encountered at 80.5 feet. Bedding planes dip two to three degrees and 

are occasionally open and brown stained, indicating some ground water move- 


ment. Bedding plane joints are spaced an average of two feet apart. The 
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seismic lines parallel to the road in Corral Gulch also indicate that 
competent rock with an average seismic velocity of 10,000 feet/second is 
at a depth of between 70 and 81 feet. 


Immersed and consolidated samples of sandy clay from Corral Gulch, near 
the proposed water quality control damsite, have been tested by direct 
Shear methods. The angle of internal friction for the sandy clay is 32 
degrees with a cohesion of 0.2 ksf. These values may be used for preli- 
minary foundation stability analyses if an on-tract disposal site is 
selected for final design. 


The slopes to the north of Corral Gulch are characterized by numerous out- 
crops of sandstone and marlstone beds which are weathered and closely 
jointed. It is expected that the weathering and amount of open vertical 
jointing will decrease below approximately 20 feet. Sandy gravel-sized 
material from these outcrops cover the lower slopes to a depth of ten feet 


and interfinger with the alluvium in the bottom of Corral Gulch. 


Slope wash on the hills south of Corral Gulch is 8 to 15 feet deep and 
composed primarily of gravelly sandy clay. The material is dense with 
permeability near the surface of around 4.0 x 10°° cm/sec, decreasing to 
1S) x A010 cm/sec at a depth of 10 feet. 


Slope wash soils are underlain by approximately 10 feet of partly decom- 
posed marlstone (see Figure 1). The quality of the marlstone increases 
with depth. Seismic data and information from drill hole R-2 indicate 
that competent bedrock is 15 to 20 feet below the surface on the large 
flat area in the vicinity of drill hole R-2 (see Exhibit 2). The slope 
wash and the partly decomposed marlstone have approximately the same den- 
sity and, therefore, the contact between the two materials was usually 
determined by careful examinations of the samples taken during the stand- 
ard penetration tests. Seismic data on the steeper slopes to the west of 
drill hole R-2 indicate that the soil is from 8 to 20 feet deep and that 
competent rock is at a depth of 15 to 30 feet. An average of 10 feet of 
partly decomposed bedrock overlies competent rock. 
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6.4 OFF-TRACT DISPOSAL AREA 


The off-tract disposal area is part of what is commonly called the 84 Mesa 
(although geomorphically the area is not a mesa). The area is shown on 
Exhibit 1 and three cross-sections have been drawn through the drill holes 
to show anticipated soil and rock conditions (see Exhibit 3). 


The two major drainages across the off-tract disposal area contain dense 
gravelly silty sand which is up to 15 feet deep. Direct shear tests of 
this material indicate an average angle of internal friction of 34° with 
a cohesion of 3 psi when compacted to a dry density of 85 Ib./cu. ft. and 
a field moisture of 5%. The coefficient of permeability of this material 
at natural density ranges between 1.1 x ere cm/sec and 1.5 x tore cm/sec 
as measured in the field. Consolidation-permeability tests of the silty 
sand in the laboratory indicate that under a simulated waste dump load of 
0.55 tons/sq. ft. the coefficient of permeability ranges between 1.7 and 
30x ite cm/sec. With a waste dump load of 17.6 tons/sq. ft. the coef- 
ficient of permeability range will be lowered to between 2.2 anid soy ex 
oe" cm/sec. A 17.6 tons/sq. ft. load is similar to a 350-foot high waste 
rock dump placed above the drainage. 


The average depth of soil over most of the off-tract disposal area is four 
feet and is primarily a very dense sandy clay, sandy silt or silty sand. 


Field permeability tests made in the drill holes indicate that the soil 
on the higher flat terrain, except for stream-bed alluvium, has a coeffi- 
cient of permeability of approximately 7.5 x 1077 en/seci or 0.8) Fte/yr. 
When the sandy clay in the vicinity of drill hole 84-5 is compacted to 
jts maximum dry density of 108 1lb./cu. ft. at a optimum moisture content 
of 15%, the coefficient of permeability is 1.6 x liad cm/sec. Consolida- 
tion-permeability tests of this same sandy clay indicate that the coeffi- 
cient of permeability decreases from 1.2 x 107° em/secet0ah.84x 107° cm/ 
sec as the load is increased from 0.55 tons/sq. ft. to 17.6 tons/sq. ft. 
Consolidation measured during these tests was 0.2 inches as the load was 
increased from 0.55 tons/sq. ft. to 17.6 tons/sq. ft. 
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Massively bedded medium-grained sandstone with some interbedded mudstones 
was found beneath the soil in the off-tract disposal area. The sandstone 
is predominantly uncemented and friable with scattered thin beds which are 
cemented and hard. The upper surface of the sandstone is partly decomposed 
with the average depth to competent rock of 12 feet throughout the area 
(see Figure 1) except within the previously mentioned drainages. The 
coefficient of permeability for the partly decomposed sandstone is 7.5 x 
i0°° cm/sec or 7.8 ft./yr. as tested in drill hole 84-5. 


Outcrops of the massively bedded, medium-grained sandstone were found only 
on the slopes just north of drill hole 84-2. The sandstone on the slopes 
is weathered brown and is moderately hard with bedding plane joints spaced 
approximately two feet apart and an average spacing between vertical joints 
of ten feet. | 


Seismic data indicate that the soil and the partly decomposed sandstone 
have approximately the same seismic velocity. The top of competent rock 
can easily be determined on all lines and occasionally the soil depth can 


be determined. 


6.5 PLANT SITE AREA 


North of the open pit mine area (see Exhibit 1) is located the proposed 
plant area. Data from three drill holes and seven seismic lines were 
evaluated to determine the soil and rock conditions of the plant site 
area. Geologic and soil conditions are presented on Exhibit 2. 


The average soil depth is four feet in most of the plant site area; however, 
the soil depth increases to approximately 20 feet immediately adjacent to 
and within the major drainage running northeast through the northern portion 
of the area. The soil is sandy clay and clayey sand with some sandy silt. 


The soil can be stripped with dozers and scrapers. The clayey sand when 
compacted to maximum dry density of 103 1b/cu ft with an optimum moisture con- 
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tent of 18% has a coefficient of permeability of 1.5 x 107! cm/sec, which 
is suitable for impervious dike material between storage tanks in the pro- 


posed tank farm. 


The soil is underlain by partly decomposed sandstone which is very soft, 
brown and breaks down to gravelly sand sizes when drilled with a seven- 
inch auger. This upper layer of rock can probably be excavated with a 
ripper-equipped dozer and scrapers. The decomposed layer is approximately 
ten feet thick (see Figure 1). 


From 15 feet to 20 feet below the ground surface more competent medium 
grained, massively bedded sandstone was encountered. The average uncon- 
fined compressive strength of this sandstone is 1400 psi. There are 
scattered beds one to two feet thick which are more cemented and hard, 

and also interbedded brown mudstone. The ridge area in the vicinity of 
drill hole P-2 is underlain by a 2 to 3 foot thick bed of hard gray sand- 
stone which is underlain by brown friable sandstone beds to a depth of at 
least 25 feet. The sandstone below 15 or 20 feet may require some light 
blasting to break it to sizes which can be more easily excavated. Bedding 
plane joints average one foot in spacing and dip an average of five degrees 
to the northeast. High angle joints and vertical joints may be spaced up 
to five or ten feet apart. 


Cut slopes up to 50 feet high in the sandstone should be stable at 3/4:1 
and any fill slopes constructed of the gravelly sand excavated from the 
plant area should be no steeper than 2:1. The design of cut and fill 
slopes is beyond the scope of this report and recommendations are offered © 


only as preliminary guidelines. 


6.6 WATER QUALITY CONTROL DAMSITE 


The proposed damsite is located on Corral Gulch immediately upstream from 
the confluence of Stake Springs Gulch (see Exhibit 1). The proposed earth- 
fill dam is approximately 2900 feet long at the crest, 62 feet high with 
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a crest elevation of 6428. The valley fill in Corral Gulch is alluvium 
which is up to 73 feet deep. The alluvium is composed of sandy silt, 
silty sand and sandy clay with some layers of gravelly sand. 


The general rock profile along the dam axis is shown on cross-section 

H-H on Exhibit 4. Ground water within the alluvium is approximately 12 
feet below the ground surface. The alluvium above the ground water is 
dry to slightly moist and the fine grained material is very stiff. Below 
the water table the alluvium is saturated and soft to very soft; standard 
penetration tests have shown blow counts of 2/ft. 


The permeability of the sandy clay is 1.3 x i cm/sec at natural density. 
After compaction to an average maximum dry density of 100 ibseyree with 
an optimum moisture content of 20%, the sandy clay has a coefficient of 
permeability of 7.3 x i0°® cm/sec, while the silty sand has a permeability 
of 1.0 x 107° cm/sec. The alluvium can be used as impervious core during 


dam construction. 


The bedrock which underlies the alluvium in Corral Gulch is greenish 

gray sandstone with bedding planes dipping two to five degrees toward the 
right abutment. The sandstone is medium grained, soft, friable, and con- 
tains some thin interbeds of siltstone. Scattered open joints, spaced 

two to three feet apart, are stained brown. The average unconfined compres- 
sive strength of the rock sampled in the channel section is 4500 psi. 


Average depth of soil on both abutments and in the spillway area is five 
feet. The soil is primarily loose gravelly silty sand. The rock on the 
abutments and along the spillway section is massively bedded, weathered, 
brown, friable, medium to fine grained sandstone. Scattered beds of cemented, 
moderately hard to hard gray sandstone up to two feet thick are present on 
the right abutment. The average spacing of bedding plane joints is one 

foot and the beds dip 5. to 15 degrees toward the right abutment. 


The average unconfined compressive strength of the rock on the left abut- 
ment and in the spillway area is 1700 psi. The majority of the sandstone 
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beds on the right abutment have an unconfined compressive strength of 3200 
psi. A hard, cemented sandstone bed at a depth of 17 feet in drill hole 
WR-3 has an average unconfined compressive strength of 17,300 psi. Water 
pressure tests were taken in both of the abutment drill holes and in drill 
hole WR-2, and are reported in Appendix A. The tests indicate that grout- 
ing will be required. Grout takes which can be anticipated will be in the 
order of .5 sacks per linear foot of grout hole. 


Seismic data was useful in drawing the cross-section, shown on Exhibit 4, . 


for both the spillway and the dam axis. The depth to competent rock which 
can be grouted was estimated from the seismic data to be an average of 20 
feet. The type of cut-off will be determined during final design. Explo- 
ration to date has determined that the damsite is geologically feasible. 
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REPORT ON LABORATORY TESTS 


RabiNo, sod =-560.14 
i Date 3/25/76 
‘Date Rec'd 
Project_Rio Blanco Oil Shale Project ___tocation “Tract C-a Rio Blanco County, Colo. _ 
esol Sample. test ‘boring meted below We fed bedon. po byorl see ess 
BiaienicitcOLLosamplies si romrteset borings }..!..69SamplediBy bn ee 
Submitted By PM payee VEN ft hatin Requested By.” “M=K/Payton = VET ets 


Tested Background radiation 


‘TEST RESULTS 


Boring No. Depth ; Counting Rate 
M-1 _ 3.0°=4.0" At background 
M-2 3.04.5" : 
R-1 2.0 '—4-5 ie z : 
‘ R-2  Soevgss m " 
WR-2 5.0'-10.0' ss s 
WR-3 3.0'-4.5! ° " 
P-l OR=325) " " 
p-3 OF—4.0" : 2 
84-1 0'-4.0' eee : 


6155) ee 05.0" ; e 


Average background radiation level cbtained from the AEC for Phoenix area 
is 0.02 mr/hr.; however, substantial variation occurs in the background 


~ level within any measured time interval. 


Respectfully submitted, 
ENGINEERS TESTING LABORATORIES, INC. 
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(602) 264-4781 (602) 624-8894 (602) 774-4881 - (602) 855-3730 





REPORT ON LABORATORY TESTS 


tebaunotae= SI 560 dees 
3/25/76 


8 


y Date 
Date Rec’d 


Rio Blanco Oil Shale Project 


Location 


Project Tract C-a Rio Blanco County, Colo 


Source of Sample __ Test boring noted below F 
Soil samples from test borings 


Wetentolsceeek dei at ee eee eee Sampled By ETL 
Submitted By sme Requested By M-K/Payton 
Tésteds.: ie a Limg ead permeability - Compacted samples 
‘TEST RESULTS 
Moisture Coefficient of oo" 
Dry Density Content Permeability =e 
Boring No. Depth (sere. ) (3) (cm/sec) ae 
M1 4.5-9" 103.0 19/0) > 4.6 x 107° 
R1 | Patag 100.0 21.0- 7.0 x 1078 
R20 0'-5' 100.9 19.6 3.8 x 10° e 
° WR3 4'-g' - 98.9 19.2 1.0 x 10-2 
WR-4 Gras" 100.0 20.0 7a 10s 
p-3 O'-4' 103.0 18.0 1.5 x 107? 
84-5 o'—5! 108.2 15.0 1.6% 1Or? 





Respectfully submitted, 
ENGINEERS TESTING LABORATORIES, INC. 
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REPORT ON LABORATORY TESTS 
Lab. Ne. Sil 560 ts. 


. ; ae 3/25/76 
Date Rec’d 
Project Rio Blanco Oil Shale Project location Lira Cal RIO Blanes |\Counry,, Colo. 
Batre of Semple Test boring noted below 
eran Soil samples from test borings Sampled Ey ETL 
Submitted By M-K/Payton Requested By M-K/Payton 


ee Specific Gravity, ASTM: D854) p— ttf | tht to) Need a em 


TEST RESILTS 


tes 
J ; specific 


Boring No. Depth - Gravity 
WR-2 eh s Siace Li szie2 
tf WR yr=2I 2.64 
P-1 , 1'-1.5! 752865 
. P-2 6.5:21F0r4 | 2.55* 
P=3 ee 2.64 
84-1 yer 2.68 


84-5 5.5 56. 2.70 


*Retest verified value 


Respectfully submitted, 
ENGINEERS TESTING LABORATORIES, INC. 
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_—— 


3/25/76 


Date 


Project Rio Blanco Oil Shale Project | (wuion ee C=a,.Rio Blanco County: 


Source of Sample: Test Boring No. 


Depth 


pcf, Field Moisture 32-1 % 


a2 


88 


Dry Density 


Sandy clay 


Mat-rial Type: 


50.0 
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REPORT ON LABORATORY TESTS 
Lab. Ho. — DUI S60 enat 


Pi ; . Date __3/25/76 


Date Rec'd 
Project RIO Blanco Oil Shale Project location Tract C-a, Rio Blanco County, Colorado 
Source of Sample WRe2Z yell T6259" . F 
Materiol o 2 - Sendy clay. Sampled By ETL 
CSU REIS SN a ta Sa ee M-K/Payton Requested By M-K/Payton 


Tectea Consolidation-Permeability: Time rate dial _readings an 10m ee inches and _ coefficient 
of permeability ity (cm/sec; 


ca 


Elapsed - . Loan Increment in Tons/Sq. Ft. 
Time 

Ds: min: sec) 0.55 | Zee, 4.4 8.8 17.6 
10~«~F 2004 1170 1259 1417 1665 1977 
204 1105 1181 1304 1476 1757 2079 

aoc} 1. aang | |-7 tae 1312 1498 1785---+~-p140 

220° 1126 1200 1321 4515 1805 2134 

240 1131 1205 1328 1531 nga. | 2154 

32230 | f 1136 1208 1336 1545 1842). Dara 

Pa 410-—1: 1187 1210 1338 1549 1847 2179 
a0 (1138 1215 1346 1562 1864 2197 

6 :40 1144 1219 1355 1575. 1879 2214 

13 :20 1148 1224 1362 1507 -\—\~aeo3_| 2228 

16 :40 1150 1226 1365 | 1 + W5or 1997-—|— 2283 
33:20 - -1152 1231. Tiaess 1603 “gaa «| 2228 

1: 166 240, 1156 1236 1382 1616 1925 2260 
2: 13 :20 1160 1242 1392 1628 1938 2274 
2: 46 :40 1161 1244 1395 1638 - 1942 2277 
yy 5: 33. +20 “$65 1250 1404 1645 - 1955 2290 
24: 00 :00 1167 1259 1417 1665 1977 2313 
Coefficient of 9.4x10-6 5.2x1076 3.1x1076 1.5x1076  g.3x1077  4.2x1077 


permeability 
(at 24: hx.) 


CONSOLIDATION TEST DATA 


511-560 


Job No. 


Date 


Rio Blanco Oil Shale Project {oecation Tract C-a 


Y 7 eee 


a 


Project 


1'-2! 


Depth 


WR-4; 


Source of Sample: Test Boring No. 


68 pcf, Field Moisture 48.6 % 


Dry Density 


Clay w/organics 


Material Type: 


~ 10.0 


»/ 


50.0 
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REPORT ON LABORATORY TESTS 
ab. No. 22-5607 


>) “Tt * Date 3/25/76 


Date Rec'd 
Project RIO Blanco Oil Shale Project tocation Tract C-a, Rio Blanco County, Colorado 
Source of Sample WEESpe 72) - : 
ae ee a Sampled By ETL = 


Tester! Cen asisie ae uae soe Time rate dial readings in Vor inches and coefficient 
of e Saiee ean ees: 








Elapsed Loan Increment in Tons/Sq. Ft. 
Time 

D:.:s: min: sec) G55 ca ee ry ee 4.4 8.8 - 2726 
— . 968 1474 1757 2206 2692 3226 
204 1224 1524 1839 2273 2782 3294 
210 1262 1536 1860 - 2297 2796 3324 
oo | ¢ 1275 1548 1880 \ 2321 2819 3360 
240 1292 1561 1899 2344 2853 3380 
Tio. 1305 1576 1919 2371 2884 - 3414 
7 i240 |: 1309 1579. 1925 2379 2893 3422 
3 :20 1322 1592 1946 2404 2923 3452 
6 :40 1333 1606 1965 2430 2955 3481 
13:20 1346 1623 1988 JA55) | 2883 1 3816 
16 :40 1349 tieo7—}-— e997 | {| |a4e8'|. | 2eo7 3518 
33:20 . 1362 1644 203% 2475 3025 3548 
~ bba-gel<do 1376 1660 2043 2517 3053 3567 
32) 1391-20 1390 1679 2068 |) | 2547 3082 3607 
Be AeLen0 1395 1683 2075 2557 - 3092 3617 
>. S233 22g - | mae 1707 2099 2588 . 3118 3646 
‘Shs GO =66 1446 1751 2196 2645 3169 3700 


Coefficient of 1.06x107-3  8.6x10-4 5.4x10-4 5.2xl0-5 3.4x10-6 9.71076 


permeability (piping ) (piping) — (piping) § (piping) (piping) 
(at 242 hrs) ; 


CONSOLIDATION TEST DATA 


511-560 


Job No. 


IS 25/76 


Date 


=_— 


Project Rio Blanco Oil Shale Project | ocation Tact C-a, Rio Blanco Count, a 


Source of Sample: Test Boring No. 


5 UE Po be 


Depth 


P-l; 


Dry Density, 85.3 pcf, Field Moisture 13.5 % 


sand 


Claye 


Material Type: 
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REPORT ON LABORATORY TESTS 
lab: Nome 560n on . 





- ae Date _ 3/25/76 
TEE Date Rec’d 
Project RIO Blanco Cil Shale Project tocation Pract C-a, Rio Blanco County, Colorado 
Source of Sample __ PaaS 5. z : 
Material ________Clayey sand ____=—ss ss Sampled By ETL 
Submitted pee Vee ea M-K/Payton Requested By M-K/Payton 


Tested Consolidation-Permeabi lity: Time rate dial readings in 1074 inches and coefficient 
of pemneability eae | 


Elapsed 1 Loan Increment in fTons/Sq. Ft. 
: Tame +. ‘ 

eee min:. sec) 0.55 . i — 19 7 ale et Oe 17-6 
= $01} 982 1373 1869 2459 2978 3394 
204 1189 1469 2017 2609 3097 3499 
10 1209 «2~=—Ss«1499 2062 4 E54 ti {394 | 3529. 
#20! ; 1222 1520 2105 \ 2693 3155 3542 
240 1234 1545 Dads 11% 2709 3188 3564 
7 7) ae a 1248 1576 2182 2752 3218 . 3589 
1:40. 1252 1588 2195 ozs 3228 3598 
: 3220 1267 1623 2231 2796 3255 3623 
6 :40 1277 1655 2266 2826 3279 3648 

13:20 See Siac 2298 2850 | 3305 3659 

"16 :40 1291 1699 —|"-}-19340-— 4 dest S309. | 3679 

33 :20 - 1303 1731 2327 2880 4330-13693 | 
» ge ee-ae-- 1314 1755 2364 2900 3346 3708 
2: 13 :20 1324 1778 2388 2919 3362. 3723 
32 146 E40 1327 |) 73789 2394 70253366 3728 
element 1334 1819 2413 2941 3376 3739 
). Sf) GO. 0G 1351 1856 2457 a2oGien 3393 3757 


Coefficient of 2.6xl0™4 = 4.7x10-5—-2.5xl0-6 = 3.6x10-7 . 3.8x1078 6.1x1078 
permeability hoe ; 
(ata 24> ines) 


CONSOLIDATION TEST DATA 


She 


Job No. 


3/25/76 


Date 


a 
> ad 


Rio Blanco county@ 


ay; 


Tract (e 


Location 


Rio Blanco Oil Shale Project 


Project 


0.5415? 


Depth 


O. 


Source of Sample: Test Boring N 


Field Moisture__18,9 % 


pcf, 


5 


LG 


Clay w/organicsy Density 


Sandy 





Material Type: 


50.0 





1.080 
SPECIFIC GRAVITY 
OF SOLIDS 


RATIO 


ey TU EY NTE) 
Assumed 


INITIAL VOID 








z eee etesee est et es BEEEE REE 


7 leateaeeales Seeenesae jee maes ee ng ed ede 


(ME Ser HHHHTEEEPPEEEEES aaa 
EEE CERES 


COCA ae Hank 


it IE WH LLL Hl [| 
ro) 
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° ° 
os oS ° —) ren) >) 








0.1 


So. 
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PRESSURE — TONSISO. ET. 


Phocnix, Arizona 85016 Tucson, Arizona 85719 Flagstaff, Anizona 86001 Lake Havasu Coty, Ariz. £6403 
(602) 264-4781 (602) 624-8894 (G02) 774-4881 (602) 655-3730 


ie ENGINEERS TESTING LABORATORIES, INC. 
to 
{ 


4 2525 &. Indian School Road 423 S. Olsen Avenue 20 Mikes Pike 2020 Holly Drive 





REPORT ON LABORATORY TESTS 
Lab. Nig. ol o60 


ct iar Date 3/25/76 
; Date Rec’d 
project RIO Blanco Oil. Shale Project ___tocation Tract C-ay Rio Blanco County, Colorado 


P=2;50.5 +l - 


Source of pees ON PL ae 
Pee cna eaorvacs} | itll ETL 
Submitted ms Ngee a Wy eevee os oe mere Requested By M-K/Payton 


Tested Consolidation-Permeability: Time rate dial readings in 1074 inches and coefficient 
| of permeability (cm/sec 


Sampled By 





oo lapsed | | |-}ioan Increment in foens/sq--r el. 

o> Time 13 
> «hrs: min: sec) 0.55 iri 2p 4.4 8.8 17.6 
; $5 — 1 1008 1839 2322 —Ss«2769 3179 3550 
04 1489 ~—=«-:1906 2377 2811 3227 3628 
aR 1514 1929 2399 2835 3244 3640 
Fo5_t 1527 1953 2415 2853 3264 3651 
PA 1552 1977 2437 2871 3295 3667 
ROT ny 1579 2005 2488 2929 3343. 3683 
EL eTwE 1584 2014 2495 2936 3347 3689 
30 1608 2042 2519 2959 3362 3706 
6 :40 1630 2101 2550 2983 3383 3725 
13:20 1653 2129 2578 3009 «=, «03406 3743 
hig. s40 Wesel foa2ise 1 ees 3016 34133749 
33 220 1684 12165 2614 3043 = Gy ee ae Eee 
EDO ore (rh a9 HH 1707 VG 2642 3067 3474 3785 
2-123 1220 1729 2218 2645 3091 3480 3802 
er Se OY 1736 2228 2676 3098 ~=—sss—=s«s«3498 3807 
). a oe. 1761 2256 2700 3121 3523 3824 
eno eae 1829 2302 2761 3162 3542 3850 


Geereteiend Of Ipislo~? © a.2m0-5 3.706 ~~ 2eaelon® ga eto”? 7.11078 
permeability 
(at, 24: he.) 


511-560 


Job No. 


CONSOLIDATION TEST DATA 


‘Date 


e Project Location Tract C-a, Rio Blanco County @ a 


3/25/76 


Project Rio Blanco Oil Shal 


fA eS la 


Depth 


P-3; 


Source of Sample: Test Boring No. 


Field Moisture 14.3 % 


pef, 


-0 


84 


Dry Density 


Clayey sand 


Material Type: 








we 


ECE aatSAHGGHGAHGGE 


ii _e 


50.0 
0.962 


SPECIFIC GRAVITY 
2.64 


OF SOLIDS 
Wa 


RATIO 





z 
© 
23 
a 
z 
12) 
O 
wW 
cc 
= 
Re 
” 
Oo 
= 








i innlenAe — 
= Ali BEEEEGEEEEE ‘ie ai ee eee 


GaSe ed a PT 


ee SUuunRROURERERRRRD) 


Eee 


i) . 


0 


2) 
Ve} 


il 


5.0 


Se 


PRESSURE — TONS/SQ. FT. 


re ENGINEERS TESTING LABORATORIES, INC. 


| 2523 E. ladian School Road 423 5. Olsen Avenue 20 Mikes Pike 2020 Holly Drive 
HOY Phoenix, Arizona 85016 Tucson, Arizona 85719 Flagstaff, Arizona 86001 Lake Havasu City, Ariz. 66403 
(602) 264-4781 (602) 624-6894 (602) 774-4081 (602) 855-3730 





REPORT ON LABORATORY TESTS 
ite ssa ne 


Date 3/25/76 
Date Rec'd 


Rio Blanco Oil Shale Project 





Project tocationract: C-a, Rio Blanco County, Colorado 
Sauce of Sample P-3; 1'-1.5' 7 | : 

Poe sie Clayey sand FP i lt TTT Sampled By ETL 
Soiboitiisg] (Me este ee Coa SE He Payton Requested By M-K/Payton 


Tested Sore Pidae.on, Pemeeeiiiy Time rate dial readings in 107 4 inches and coefficient 
of permeability ity (em/sec, 


Elapsed - Lhoan—Inexement— in | Tons/Sq. Ft: 
: Time 

oe: min: sec) 0.55 qe Te + 22 p Aa) | Be | a7-6 
; ti.) a4 1486 1792 2253 2703 3082 
204 1279 1543 1893 2340 2792 3155 
:10 1292 1557 i9i7_ | | 23631) | zee | aie 
0, 1.04 1570 937,11 2380 2830 3192 
:40 1317 1586 1957" AOA 2853... |. 3214 
ae ee 1328 1602 1982 DA30 | 28757 F-32885 
oy ae 1332 1607. 1991 2439 2882 3239 
; 3 220 1343 1623 2017 2463 2905 3258 
6 :40 1354 1639 2043 _ 2490 2927 3277 
13:20 1366 1655 2068 515 7 12047 3298 
ea ae 1370 Meo 1c. i207e,  § 1) 12528 2953 3304 
a) 10,1 1383 i6E1—+-—--+-+21.02 2553 065. | 3323 
ee heen Oe 1394 1701 2125 2578 2995 3341 
BY I i 0 W410 ¢, 1718 {2851 |] }-) 2605 gage 0 he) 3360 
SP8 We Pyke 1414 1723 2159 2609 - 3022 3364 
e\Me. 35.55 ates 17442185 36361 .i 3024 3383 
). Rope on 1471 gi zeae ie oqo 3061 3409 


Coefficicnt of 2.0x1074  6.4x10-5 3.6x1076 2.2x10-6 7.8x107& Failed by 
permeability AG ‘ (piping) (piping) piping 
(at 24: hr.) 


k 
( 


51 +560 
3/25/16 
v 


Job No. 
Date 


CONSOLIDATION TEST DATA 
project Rio Blanco Oil Shale Project Location 2 Lace Cray REO Blanco County, 


84-1; 


Source of Sample: Test Boring No. 


1'-1.5' 


Depth 





13.33 





pcf, Field Moisture 


aalt 


80 


Material Type: Silty sandy claypy Density 


50.0 
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gfe és wR PTERAEERSE 
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Su-4 Sea . 
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2 a =a Gee cea = 
game = Se el ce dG lle ee foe on eB 
Beegee@eaesss Se 
cell ie alt eel Do meh elf el—f edl (| mea SEE 
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LUT TE : tt 2 iiss 
"ARRAS ne Pea ASS Sine no 
Besa eer eae PEGs ere 


Tlie elt Seee7enee 
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PRESSURE — TONS/SQ. FT. 


ENGINEERS FESTING LABORATORIES, INC. 


2525 E. Indian School Koad * 4235S. Olsen Avenuc 20 Atskes Pike 2920 Holly Drive 
Phocnix, Arirona 85016 Tucson, Arizona 85719 Flagstaff, Arizona 86001 Lake Havasu City, Ariz. 86403 
(602) 264-4781 (602) 624-8894 (602) 774-4881 (€02) 855-3730 





REPORT ON LABORATORY TESTS 
fabl Noes OET 560 eet 


: | Date 3725/76 
T: Date Rec'd 
Project RIO Blanco Oil Shale Project LocationTract_C-a, Rio Blanco County, Colorado 
eure of Sample SS sae “T3 ; 
Material reamed So Ggiteca Seems oe Oe Sampled By ETL 
Sic i eaeee SO E  ee eeccae e Se M-K/Payton peauesedBy M-K/Payton 


rected JOR Sails a Sie sSuueg EL OG Time rate oo readings in NOR inches and coefficient 
of permeability gonases 


Elapsed — -. Goan Increment in Tonms/Sq-P ri. 
, ‘Rime 

AD ters: in: seo) 0.55 a): _ 4.4 ie_.| 29766 
“ 20) —— A005 1733 2183 2657 3102 3494 
204 1480 1866 2327 2821 3248 3619 
:10 1504) *a806 2369 apes. aaea7. | $3651 
206 1524 1930 2404. 2872 3298 3670 
240 1539 1945 2426 2896 3320 . 3688 
1-007) 1555 as7x—+—--- fh oas_.:.f) Noone 3340 + 3706 
S40 | - 1560 1979: 2460 2926 3347 3715 
34220 1575 2001 2487 2949 3366 3729 
640 1590 2025 2511 | | (itoora 3385 3745 
13 :20 1608 2048 2527 2993. 3401 S761 
16 :40 ers | | “P2055 7“ “ptkases 71 1 aPaoop 3408.) 213767 
33 :20 -1630 2078 2567 3021 3A27F 223702 
1: 06 :40- 1644 2098 2588 3039 3442 3795 
Betis 220 eed 7) P29 2608 30561. 213457 3808 
 §pelac Fao 1670 2131 2613 3062:;-—~}-098462—|2.3812 
9 Be 33202 2 1690 2151 2633 3079 3475 3823 
? 24: 00 200 1703 2174 2657 - 3102 3494 3840 


COCLELLeVEent Of 
permeability 
Cate 524.2 Tne.) 


17x1074 9.96 3x10-4 SsDx10-2-. 1. A7KVO™> | 53e8x20-5 ¥2.2x10-> 





CONSOLIDATION TEST DATA 


5 


Job No. 


3/23/16 


Date 


Project RO Blanco Oil Shale Project | ocation Tract C-a, Rio Blanco County ,@i 


1 ghee 5 Sad 


Depth 


84-2; 


Source of Sample: Test Boring No. 


Material Type:S ilty sand 


% 





Field Moisture 12.8 


pcf, 


3 


84. 


Dry Density 


= ; 


ae He 


v 
Lali aca ners alow emia 
Siete ila 


ee el Lt Ghee ee 
PES Tee ee ae iin ao 


JSR Res Meee ee de 
w PY, wn 
-4©- 


CCC ——— Mer 
Se EEE TT 


Se 


wire Celi: brie te 7 il al ae eee ee es EAPHESEa EE 
Pere Pee ee oe HH ee cicaeaaees 


cata ge SESS Pe Fal Tae le | ae = i ata Bd 
be Meter eee or ore eae peter erp 


EET ATE aun core 





50.0 





IN-SITU 
——— = =< —~ SATUNAT 


INITIAL VOID 


RATIO 0.983 _ 


SPECIFIC GRAVITY 
OF SOLIDS 


2.168 
Assumed 


: MOISTURE CONDITION 


10.0 
Hh 


H 


&6 


PRESSURE — TONS/SQ. FT. 


(FF ENGINEERS TESTING LABORATORIES, INC. 


) 2425 E. Indian School Koad * 423 5. Olsen Avenuc 20 Mikes Pike 2020 Holly Drive 
E Phoenix, Arizona U5016 Tucson, Arizona 85719 Flagstaff, Arirona 86001 Lake Flavasu City, Ariz. 86403 
(602) 264-4781 (602) 624-6894 (602) 774-4681 (602) 855-3730 








REPORT ON LABORATORY TESTS 
Lab. Kio. ROSTI~56 Oyen 


‘ Dafe3725/1o———— 
= Date Rec'd 
Project P20 Blanco Oil Shale Project Locationract C-a, Rio Blanco County, Colorado 
Source of Sample SWE SA-2 pete im ; 
Material Silty sand pt tt). _) Sampled By ETL 
Submitted Bypest eh Raveen~-— ht} tpt} Requested By M-K/Payton 


Tested _Consolidation-Pemneability: Time rate dial readings in 1074 inches and coefficient 
of permeability (cm/sec ' 


Elapsed . Loan Increment in Tons/Sq. Pe. 
Tame f 

ia min: sec) 0.55 URAL Rea | 4.4 8.8 176 
maui 0p tJ 1000 1321 1513 1729 1966 2230 
| £04 1194 Ase. 1587 1816 2069 2345 
:10 1209 1395 1599 ences 2085 --~1--2366- 
ae: 1219 1402 1610 1843 2094 2380 
+40 1228 1410 1620 1853 2105 2393 
i-r200—-7° 1236 1418 1630 1864 21g. +2405 
oe 1237 1424. 1634 1867 2119 2410 
ot: 3:20 1245 1433 1644 is7e2 |) | Duar’ 2a 
l6n 246 1252 1443 1655  —«1890 2143 2438 
Coe ane 1260 1452 1666 1900 2155 245) | 
16 :40 1262 Laser} eed *— 1-8 + eo 2455 
33:20 1270 1466 1680 1915 Py wie WP (EE 
Se es 1277 1475 1691 1925 2185 2480 
2: 13 :20 1285 1485 FOR 1936 fp 21G Tet 2492 
2: 46 :40 1288 1488 1704 1939 >| =| 2200 2497 
6 Se ee eee 1498 1714 1940" | |) 2212 2508 
@.,. 00 :00 1306 1508 ° 1728 1966 2230 2529 


Coefficient of 
permeability 
Gate g2 aus Biss) 


3.8x10r2 ROXEO «Pe OxNOr. © WAxIOn?. Fox "oon 





CONSOLIDATION TEST DATA 


oy i eee) 4 


Job No. 


3/25/76 


Date_: 


Rio Blanco Coun y <= 


Rio” Blanco O0i1—-Shale-Project ocation “Pract C—a 


Project 


Source of Sample: Test Boring No. 


SS Males SPS 


Depth 


Ses 


Field Moisture__9,5 % 


94 pcf, 


clay 
Dry Density 


Clayey sand-sandy 


Material Type: 


me) 


a 
= 
jo) 

suuaan Lal ieanssteas aaaait ieeree” 


rie iil iiaaliid i = 


rise 


50.0 








IN-SITU 
0.786 
SPECIFIC GRAVITY 
OF SOLIDS 


RATIO __ 


Assumed 


MOISTURE CONDITION 





° 
gab agcneeceneeeeeocecsom =i? 
emf aiheal feet —| a SSeS ses Reale 
Pee sce ae Nanton iol BREE es Ee esl alae | 
See ei rre ele] Piers PRREVOLEEEL|. 
PCPEECEEE LEE rr ae 
SS a Sac ea |e oe Ce a CS 
Ob IES SSS SSeS See a 


gam iGin i dime ain mate ann Seeeae ee = 


JUTE UNCUT, 


° 4 — e 
eal oO 3S _o oO oO 


PRESSURE — TONS/SQ. FT. 


ENGINEERS TESTING LABORATORIES, INC. 


2525 E. Indian Schon! Road * 423 5S. Olsen Avenuc 20 Mikes Pike 2020 Holly Drive 
Phoenix, Arizona 85016 Tucson, Arizona 65719 Flagstaff, Arizona 86001 Lake Havasu City, Ariz. 86403 
(602) 264-4781 (602) 624-8394 (602) 774-4831 (602) 855-3730 








REPORT ON LABORATORY TESYS 
| Lab. No._511-560 


2 Date __ 3/25/76 


| | oe é ips Date Rec'd 
Project RIO Blanco Oil Shale Project location Pract C-a, Rio Blanoo Count ; Colorado 
Source of Sample 84.5; 5.5" — 6.0' ; 
Material ___Clayey sand-sandy clay Sampled By ETL 
SUAS ee] (Beene Oe fer he M-K/Payton Requested By M-K/Payton 


Tested Consolidation-Pemmeability: Time rate dial readings in 1074 inches and coefficient 
of permeability (ES eo: 


© 


Elapsed Loan Increment in fons/Sq. Ft. 
Tame . 
3) feats ec) 0.55 Le 29+ Op mre ae 17-6 
. iQ. “al W> 2839% 1410 1700 2012 2302 2574 
204 mi256, "> = 94.0491 1802 2111 2407 2684 
“$210 1286 1512 1827 £5 pele age 2425 - 2699 
<3 8 1303 1531 1847 2151 2439 2711 
240 EMG 1552 1868 2169 2452 2723 
1-20 ~~ 1326 1571 1888 2189 2466... 235 
1" eA20. | 1329 1578 1894 2193 2470 2739 
. 3 :20 2) evs 1597 1913 2210 2484 2752 
6 :40 1351 1614 1930 - 2225 2499 2766 
13 =20 1360 WGSI: 1944 2238 2512 2780 
We 240 1363 1636 1840-7) 2044 —— se 783 
33 320 1372 1650 7) 1962 2256. 42526. 2996 
1: 06 :40 - 1380 1662 W750 6 2268 2538 2809 
2. We .20 1389 1675 1987 =. 1.2278 2549 2817 
2: 46 346 1392 1678 1991 Set 552 2820 
9 5:33:20 1399 1689 + 2001 2290. , 2561 2829 
24: 00 :00 1404 1700 2012 2302 2574 2844 


Coefficient of 1.2x1075 1.9x107? 1.71075 =. 3x10-6 )3=— 33. 3s20-6 9-1. 8x10-6 
permeability sy pts 
(at 24 & shy <i) 

*Swell from inttral 1000-an 24 hr. 





DIRECT SHEAR TEST DATA 
rei 511-560 
Job No. 


: | Date 3/25/76 








Rios Blanco. 011), Shale Project Tract C-a, Rio Blanco County, ©, 


Project Location 


Source of Sample: Test Boring No. PRL) Depth DiS SG’ 


Material Type Sandy silt Dry Density wi" te abe ioenadlis pcf, Field Moisture __» 0 _ aaa 
Method of Test Samples immersed and consolidated under normal pressure 


- 


24 hr. before testing 


MOISTURE CONDITION 


In-Situ 
Saturated 


SHEARING STRESS — KIPS/SQ. FT 





2.0 


NORMAL PRESSURE — KIPS/SQ. FT. 


WARNE ASSOCIATES DIVISION 
« ro 


BOL CAML a FOUNOATION EMOIMEERS 


DIRECT SHEAR TEST DATA 
Sob No, 2-566 ———- 


Date S/2I/ 70 


rroject __Rio Blanco Oil Shale Project Location ‘Tract C-a, Rio Blanco County, Colo. 


WR-2 10.5*=11" 
PeaeeOnoanpe: Test SONG NO, 2.22 Depth 














Secu oH nam SS aaa a ech 


before testing 


MOISTURE CONDITION 


In-Situ 
Saturated 


lc = 0.2ks£ 


SHEARING STRESS — KIPS/SQ. FT. 





NORMAL PRESSURE — KIPS/SQ. FT. 


WARNE ASSOCIATES DIVISION 
‘ 


OONL MECHAM LE REND ATION ENO EER 


DIRECT SHEAR TEST DATA 
Job No. 511-560 


Date 3/25/76 


Project Rio Blanco Oil Shale Project iieakean Tract C-a, Rio Blanco County, Colo o 
attr a wT 
Source of Sample: Test Boring No. pe Oe Depth 258 
j af BU Za. i bg 
Material Type pend pal by Chay Dry Densitye—__ © 3 ef, FieldiMoisture _ 7 % 


AAT eae ore Samples inmersed and consolidated under normal pressure 24 hr. before testing 


~ 


MOISTURE CONDITION 


In-Situ 
Saturated 


SHEARING STRESS — KIPS/SQ. FT 





2.0 3.0 


NORMAL PRESSURE — KIPS/SQ. FT. f ¢, 


WARNE ASSOCIATES DIVISION 
8 POUROAT Om BROILED 


BOL MACH AMICE 


@)..., Rio Blanco Oil Shale Project 


DIRECT SHEAR TEST DATA 
job No en 


Date cee) (2) | 


Tract C-a, Rio Blanco County, Colo. 


Location 
— tocoe 
- Source of Sample: Test Boring No. ee  ————— Depth 4'-5 
Material Type Sttty sand Dry Density__82:5 pet, Field Moisture 4:0 % 


Method of Test amples immersed and consolidated under noxmal pressure 24 hr. before testing 


= 


MOISTURE CONDITION 


In-Situ 
Saturated 


SHEARING STRESS — KIPS/SQ. FT 





NORMAL PRESSURE — KIPS/SQ. FT. 


WARNE ASSOCIATES DIVISION 


BON ECM ANICS © FUUHOATION EMarmetee 


DIRECT SHEAR TEST DATA 
Job No. _. 211-560 ae 


Date 3/25/16 
Project __Rio Bianco Oil Shale Project _____ Location “trast C=a,<Rio Blanco-County ie | 
Source of Sample: Test Boring No. ene 


Material Type — SSilty sand «Dry Density290.1- =. soc. Field Moisture se 3 eee 





Method of Test Samples immersed and consolidated under nommal pressure 24 hr. before testing 


. 


MOISTURE CONDITION 


In-Situ 
Saturated 


SHEARING STRESS — KIPS/SQ. FT 





NORMAL PRESSURE — KIPS/SQ. FT. <q 


WARNE ASSOCIATES DIVISION 
1Ote Em Oemaese 


BOWL MECH ANICR © FOUMOAT 


MOISTURE-DENSITY RELATIONSHIP CURVE 


Lab. No. 


511-560 


Job No. 


BY2 5796 


Date 


Date Rec’d 


Rio Blanco Oil Shale Project 


Location. Tract C-a Rio Blanco County, Colo. 


Project 


=~ 3 


455" 


M-1; 


Source of Sample 


BEL 


Beceem lee DY 


Payton 


sali 


hd 
4 





Requested By 


M-K/Payton 


Submitted By 


D698A 


e 


ASTM 


Tested 


in. 
Ibs. 
in. 


liss/cuntt: 
Content, % 


HOSI6 
TCI e: 
DiawMoldL i br Tare ts 2 in: 
3 4.58 
3 
25 
Se) 
12 
Material Used__Minus No. 4 


Max. Dry Density, 
Ostimum Maisture 
Height of Mold 
No. of Layers 

Wt. of Hammer 
Height of Drop 


ae 





BOD 
eta 
HERBS ue 
Hen DEBRBOREEReESo 
Gon ‘ i | nO ei te 
i) ofc ceed Rea ee SBL@SGE0e SBERBEoOS 
at | ae |e | | | & a) | ne a tes Fe | a | a [|| i |) 

i wn ro) Ln 

oO 
a a oY 
‘lad ‘ND/'SG1 — ALISNIG AUG 
ae a 


FAOISTURE CONTENT 


(% DRY WEIGHT) 





MAOISTURE-DENS!ITY RELATIONSHIP CURVE 


! 


511-560 


Job No. 


a 





Lab. No. 


Date___ 3/25/76 


Date Rec’d 


Rio Blanco Oil Shale Project 


ololl 


mates -a 


Location 


Project 


> =o" 


nee 


WR-2; 


Source of Sample 


Subsoil 


a 


ETL 


Sampied By 


Material 


K/Payton 


M- 


Requested By 


M-K/Payton 


Submitted By 


Tested 


ASTM:D698A = 


Ibs./cu.ff,. . |) a 6 
Content, % Lo 
i 4.0 in. | 
4.58 7 
3 
25 
5:5 tbs 
12 - 
Material Used__Minus No 4 
€. 


Optimum Moisture 
Dia. Mold 


Max. Dry Density, 
No. of Layers 

Wt. of Hammer 
Height of Drop 











— 
Spied te 
H -4 ni 
ao zo 
7 a O% 
1S) 
al = 
Gas a 
=o 
"“ 
os 
ao 
we 





PEC Cee rcee aoe = a SOSSSRR8 SER SeEe . 
Ssudendestesstostestartes easfestecicstantan | 


Seg pe Se nsnnsnouneseeseeeeenCSennnaa==sssssses 


i=) Oo’ 
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10 


‘tg *no/‘sal = ALISNAQ AG: 


. 
; 
: 
J 
| 
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' 
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oS 


MOISTURE-DENSITY RELATIONSHIP CURVE 



















ie Lab. No.__ ; 
¢ ) ; Job No._211-560 
| , Date__ 3725/76 _ 
Date Rec'd 
Project pore ance, Oil, Soate, broject Locetion_2ract C-a Rio Blanco County , Colo. 
Source of Sample WR-Sigmg t= ot 
oe uSubsoij rs _Sampled By ETI 
Submitted By__M-K/Payton Requested By_M-K/Payton | 
Tested ASTM: D693 8A 
) Seareriricon 
; ese 
peeeaee 
° (ACS kee 
BE H CoH Max. Dry Density, 
Be | ‘ IOs 
EB sacl Ibs./cu. ft. 
FEE EEE 
o Optimum Moisture i8.5 
ic = Content, % rk a 
- 100 
v Be Dia. Mold 4.0 in 
wn | coy ee rere ee Tete oe |G 
ca | | 
1 FEE Am Height of Mold____ 4.58 in. 
rE aaume a : 
2 HA CRO i (corse ee 
m 12° See se 
PS paceecice Blows per Layer 
iS 
Sg aeaiel Wt. of Hammer 5.5 Ibs. 
PECELEEP 
90 Gag sugceu - Height of Drop 12 in. 
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Job No.2 11-560 
q 
Date__3/25/76 
Date Rec'd 
Project E10 Blanco Oil Shale Projvect location Tract C-a Rio Blanco County, Colo. 
" Source of Sample Se I 0 cae eae i 
Materialcen. SUD SOT ee Op lec by ETT 
Submitted By M~-K/Payton Requested By_M-K/Payton 
Tested ASTM: D698A 
aS eeew BARB BACs sae 
PEER EEE EEE EEE ee 
seeeeeaees aaa BREDBSREEUDR SAAS See 
; aoene BERET ERES) BUeBRRERIDee Ss 
HH pif 
F BecaEn Max. Dry Density, 
a aaee Ibs./cu..ft.__| 1. 02 ee | 
nenene 
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a ltt tt Optimum Moisture 8.7 
= 10 H ae : EE Content, %____ 
5 {57 CRNA aE ERE? ; 
2 PEELE Dia. Mold__ 4.0 in. 
a Seta ials lahat 
' BGSuaeuGe Height of Mold____ 4-58 __in. 
» FEC | 
= Hegel No. of Layers 3 
g loot 
ray 25 
> Pt to Blows per Layer 
ray deanag 5.5 
FEE Wt. of Hammer z Ibs. 
diate Height of prop ia 
F | Material Used_Minus No. 4 
: 
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Source of Sample 
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ASTM: D698A 
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MOISTURE-DENSITY RELATIONSHIP CURVE 
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Rio Blanco _O2) Shale Project ____ location _Tract C=a Rio Blanco—County;—€olo 


Project 320 2=c' See 


Or=5) 
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Source of Sample 
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Subsoil 


Wateialen 


Sampled By__ETDR 


M-K/Payton 


ed By 


Request 


M-K/Payton 


Submitted By ti R/S One eee 
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D698A 


ASTM 


Tested 
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REPORT ON LABORATORY TESTS 


fsb Noveeste OGD... 
Date Rec’d _ 2/27/76 


Project Rio Blanco Oil Shale Project Location__Tract C-a Rio Blanco County, Colo. 


Pe foresee ese uOring Dobed WeMy eset 





WAsierial_ ROCK core. sections Sampled By ETL 
Submitted py___M-K/Payton. meen Requested By M-K/Payton 


Unconfined compressive strength 





Tested 


TEST RESULTS 





. Bent ela: P-2 P-2 Pp-2 
" IDENTIFICATION 2€-29 28-29 U2). 73.54 22. 7-23 55 1 20. 9=28.6 
a a a ee a —————$ _—_—— ae ———— eee 
4 AGE O 


F 
SPECIMEN, DAYS 


DIAMETER, IN. 


12853 1.852 1.861 165 1.854 
: CaSINGHING | 4.125 A256 4.311 4.215 4.170 
<eeant | 
CAPPING, IN. 
a oa een Se 
: "AREA, SQ. IN. £0 





OO 
MAXIMUM : 
LOAD, LES. 1750 14300 
COMPRESSIVE 5300 





SIRENGTH, PSI 


CORRECTED 
COMPRESSIVE 
STRENGTH, PSI 


TYPE OF 
FRACTURE 


DIR. OF LOAD WITH ; 

RESPECT TO PLANE . 

MOIST. COND. : 

AT TUE OF TEST dry ary 
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REPORT ON LABORATORY TESTS 
patho ee SITE 560m te . 
Date 3/25/76 


. ‘ eee a Date Rec'd _ 2/27/78 
Project_Rio Blanco Oil Shale Project __tocation__Tract_C-a Rio Blanco County, Colo. 


‘Source of Semple __LeSt boring-noted below .___ Wed Baden Salsed sae 


Matedat mock Core SeCUlOnS = tO NE Sampled by ETL 


=: ed By_M-K/Paytona\ yw __ 
Submitted By 2 NE Payton eee Requested By__M 


Tected sau Unconfined compressive strength 


TEST RESULTS 









PS E35 2-3 Pp=3 
LO 5-20-37 19, 5-20.34 | 22: 9-23 aye 2no ee 7 | 26.2-26.9 


1.847 1.843 1.846 
4.158 B555 4.232 ye: 
AREA, SQ. IN. 2.665 2.670 PAASHIS, 2.668 


LAXIMUIA 
LOAD, LES. 3780 5020 2860 
COMPRESSIVE 
ie STRENGTH, PSI 1890 j. 4420 1880 1070 
COPRECTED ; 
COPAPRESSIVE 
STRENGTH, PSI 
TYPE OF 


DIR. OF LOAD WITH 
RESPECT TO PLANE 
OF PLACEMENT 


IDENTIFICATION 








AGE OF 
SPECIAEN, DAYS 








DIAMETER, IN. 


LENGTH BEFORE 
CAPPING, IN. 


LENGTH AFTER 
CAPPING, IN. 





CROSS-SECTIONAL 






MOIST. COND. 
AT TIME OF TEST 
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REPORT ON LABORATORY TESTS 
Lab. Nota 60 
Date 3/25/76 


: : : Z Date Rec'd _ 2/27/76 
Project Rio Blanco Oil Shale Pro (cet ee foeston Tract C-a Rio Blanco County, Colo. 
Source of Sample __ Lest boring noted below . 
eeterist_ ROCK [core ‘sectLons=. Sampled By ETL 





Cnet i / EA IEO meme terra Requested By Meh Rey EON ee ee 


Unconfined compressive strength 


Submitied By 





Tested 


TEST REsULis 





| WR-3 
é - ADLNTIFICATION 526-9904 fOct ad ba0 
: AGE OF 
SPECIMEN, DAYS . 
DIAVAETER, IN. 2.046 . 
CAPPING, IN. » 
AREA, QIN. | 3.294 3, 288 3.304 
MAXIAUM 
LOAD, LES, 14,900 11,800 6480 
SoHE 4520 + 3590 1960 
FRACTURE Seater. eaeeettl 


COMPRESSIVE 
DIR. OF LOAD WITH 

RESPECT TO PLANE 

OF PLACEMENT 

MOIST. COND, 

AT TIME OF TEST dry 


STRENGTH, PSI 


*WR-3, 52.6-53.4 (a) Angle of failure plane 75° from horizontal 
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CROSS-SECTIONAL 
AREA, SQ. IN. , 


_ MAXUM 
LOAD, LBS 


COMPRESSIVE 
STRENGTH, PSI 
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REPORT ON LABORATORY TESTS 
Lab. Noo 00 : 
» Bele BVIo 76 








i. : oe te Date Rec’d 2/27/16 
Project RiO Blanco Oil Shale Project ___ teesten __Tract_C-a Rio Blanco County, Colo._ 
Rete cools ese boring noted belo 
Material pe loe = Corerseciots Sampled By ETL 
Submitted py__ Mr K/Payton _ aS ___ Requested Bye ay COM eee eee ee ee ee 
Tested Unconfined compressive strength 


TEST RES'JLTS 


WR-2 WR-2 
IDENTIFICATION 77.0-77.8 | 77.0-77. 3 


AGE OF 
SPECIMEN, DAYS : 


1.836 2.060 
CAPPING, IN. 3.413 4.033 


LENGTH AFTER 
CAPPING, IN. 


| 3.20 | 
47,500 67,500 
14,250 20 , 330 

CO?APRESSIVE 

STRENGTH, PSI 


TYPE OF 
FRACTURE 





CORRECTED 


MOIST. COND. 
AT Tltd— OF TEST 
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| ; _. REPORT ON LABORATORY TESTS 
| Cee Nab Now soe ee 
| Sapa 3/25/76 
} | ; ; Date recd 2/27/76 
{ ; g 
project_Rio Blanco Oil Shale Project __tocation Tract C-a Rio Blanco County, Colo. 


Test boring noted below 





- Source of Sample 


Mei rock core sections —§ «7 - __*'* __ Sampled By ETL 


, Submitted By _ M-K/Payton Requested By M-K/Payton 





Tested Unconfined compressive strength ——C—ssSSSSC“‘ 
: TEST RESULTS 
| ? 
WR-1 WR-1 WR-1 WR-1 
Py Pe /16.5-17.6 | 16.5-17.6 | 50.5-51.3 |50.5-51.3 |70.7-71.5 |70.7-71.5 
AGE OF = 


SPECIMEN, DAYS 


1.058 | 1.836 | 2.845 
‘ 4.239 4.288 4.067 i312 
: CAPPING, IN. 
; 2.714 2.647 2.673 2.688 
1680 3810 













. COMPRESSIVE 
STRENGTH, PSI 2730 


COMPRESSIVE 
STRENGTH, PSI 


DIR. OF LOAD WITH 
RESPECT TO PLANE 
OF PLACEMENT 


MOIST. COND. 
AT TIME OF TEST 


| sian Fe os 
TYPE OF — 
FRACTURE 
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RIO BLANCO OIL SHALE PROJECT 
RIO BLANCO COUNT Y, COLORADO. 
CONTRACT NO. 10Z3 

















SOJL BASELINE STUDIES 
DRILL HOLE AND SEISMIC LINE LOCATIONS 
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SANDSTONE, brown, partly de- 
composed, med. grained, sort, friable, 
drilled 22sily with T” hollow stem auger 




























SANDSTONE, partly decomposed, 
Sriakle, drilted wills 7 auger. 

SPT 50 bbws/0.3 th 
Seismic velocity 2080-3000 fps 


plastic, stiff, SPT 39 blows/ff 
Seismic velocity 1700-3000 fps 





SANDSTONE , brown , medium groined, soft 
to modarstely hard, weathered , slighl/y 
bedled to mossive, beds Wp 2°-5°, Open 
joints seaced 2' average. Drilled with 
WX diamond bit. Core surface rrrable 
Seismi¢ velocity 5,000-7000 fps. 


ee 


EXHIBIT 2 





— 7300 


CLAYEY SAND, brown, s//7h7ly moist 


—7250 





—7zZ00 

—T/SO 

MUOSTONE, brown , weathered, Soft, eS) 
beswed. average Ap 3°. Open bed- 
ding plone joints speced average 03: 

—7OS50 


PLANT SITE AREA - SECTION 38-8 






Coreat GULCH 


SPT S59 blows/O/ fF 
Approwmare, permeability f51 Soy: 





MARLSTONE , weathered poly 
Cocomposed, hrown?, moist, Arr //s 
fo gravelly sand wit 7~auaer. 


Sersmre vyelouty 2500-4000 ps, ff, 


SILTY SAND, brown, sligh?ly mo/st, 
slhzhth plastic to non-plastit, dense. 
SPT ZO bL/ows//f. Approximate permesbility 



















7Z5Q — SPT 50 blows /0.3 fr. Se/smle velocity _ 7250 a 
2000-3000 fps. 
zs 
= 
DH P-T 
7200 — CLAYEY SAND, brown, slightly — F200" o= 
morsr, stilt.medivm ples} rity . 
se/smic velocity /500-2000 fps. 
SANDSTONE , brown, weotered med. 
= grotned, mossive beHed, Frioble, soft. —_— 450 _ 
Se with 0 LO to 2.9 ft. thick sondstone bed, a 7 
grey, moderately herd. Also some 
Joterbeaded mudstore, brown, weathered 
soft,2ip 3°NE, Open beating plone pints 0.3° 
7/100 — apart Seismic velocity >5000 fps. — 7/00 = 
7050 — — 7OSO — 
LANT. SITE AREA -SECT/ION A-A 
Oo 1000 2Z000 
I | I 
bat SLOPE WASH MATERIAL -Sandy 
7200 Si/} light brown, dry below 2 ff, —7200 po — 
sHTt, pon-plastic ; on¢grovelly 
Dey Fore silty said, light brown, dry, 
dense, fice to medi Sond with py pg-2 
Jiso — fregments of si/Pstone to Ue" Ser: 4 = 
Drilled 22s//y with TF hollow 7150 po 
CRAVELLY, SILTY SAND COLLUVIUM, PEAT de SUT af 
light brown, slightly moist, non-plastic. blows/t/ Seismic velocity 
medium density with scotfered Ain 1600 fps. : 
7100 — \ beds of plastictines. Gravels sub-rounded —7/00 ‘S50 — 
%, to sub-otgalar, moderately pard SPT Pa 
X 20 blows/ft. Seismr velocity 1000-1800 tps. a 
7050 — : —7050 <po — 
7000 — —7000 ¢50— 
Sep, a SANOSTONE reddish brown To brow7, 
6eso— a weathered, portly decarreosed, WITH —=Coso) chp 
wnierbekled thi7 be7s ch mudstone, , 
MARLSTONE, light soft, easily Irilled with 7 0vg7er. 
Op 2-2”, ree SME. eh ee SPT 50 blows fO.4 17. Sersmic vebcrty 
thin beds of sopdsfove,we2thered 3000-5500 fps. 
brown, tine 2 metium grained, med 
hard. 0220 be22. 79 plone joints 
spoced O.3 ff. Oris/led wily MX 
Wamond bit. Seismic velocity 7000- 
10.000 fps. 
OPEN PIT MINE AREA-SECTION C-C 
SS LEGEND 


LYfhological bydories 
Seismic Velocity lindaries 


| 
| 
} 





ON-TRACT by 


ALLUVIOM -Silty sand ond cayey 
sond, brown, (pterb2dded, r70/st fo 
wer below £0 £2 plastic to S/izk Hy 
plastic, sott ty loose, some be7s 
of gravelly, sity sard. S2/sm/e 
velocity /OCO-2 900 rps cbove 
woter table, JS0O-S000 fps 
below water toti2, Aperoxinate 
permeability 0.6 tt/ yr. 


COSAL AREA-SECTION D-O 


SS thYyr. - 7000 
fae Z. 
je eee — 6950 
VA Wa 
MAZLSTONE , thin bedded gray oy), — 6300 
lish? gray beds dip 2°-32°, slizhhiy 
weotpered/, brown siaiped Open 
joints spoced overage 2-3/7, 2 
moceretely hard po hard. 
Sessmie velocity 10.000 tps — 6850 
—6800 
Vertical 
Scale (2) 50 100 150 200 Feet 
SO EE 
Horizontal 
Scale fo} 200 400 600 800 Fest 
et rrr 


RIO BLANCO OIL SHALE PROJECT 
RIO BLANCO COUNTY, COLORADO 
CONTRACT NO. 1023 


SOIL BASELINE STUDIES 


PLANT AREA, OPEN PIT MINE AREA, AND 
ON-TRACT DISPOSAL AREA 
GEOLOGIC CROSS SECTIONS 






INTERNATIONAL ENGINEERING COMPANY, INC. 
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SOIL , gravelly. si/1y sand, brown, very 






















2800 — ~ stiff, dry .non-plastie. SPT £0 bhws/fF 
~~ Se/smit velocity /S00- 2500 / ps. 
oe RY Approximate permeability 1.6 ft/yr- 
6759 — ALLUVIUM -SI/1y sand ond gravelly s//h — 6750 
SANDSTONE, brown, weethered, 4 >: see sond, brown, dr. os sigh My mora Tea! 2 SO/L-Silty sand. brown, slightly moist, 
partly decomposed, 7edjum grained, So PS coo ETA TE dense, noniwleshic. SPT 32 blows/ ft 
soft, drills ta gravely sand sizes with ? Ste warms y Sersmie velocity [600-3000 f; 
‘ 2 -6O a. reer Selsmie velocity overage 2300 fps. ba 5 ‘y ‘ps 
Power, poorly bese. SPT 30-6 Coca F bil) ty 123 fire DOS OME CUI om Tad DH 84-3 
6700 — bows/fh Sersmic velocity /500-2500 “805 See Approximate permeability hord, massively keked frizé/e, — 6700 
fps. TO ee, bedding plose joints Spaces Itt 
BOG a a igh angle Jorn ts spaced /Orf 
aE > = 
SANOSTONE- brown, weothered, fine to 
— medium grained, poorly bedded, ips Z-/05 = an 
(B20 soft to moderately hard, friable; drilled x = 6650 
with NX diamond b/t; open jainrs spaced “2 
10 ft Seismic velocrty J,000 -6,000 fps. | . SANOSTONE-Srown, Weothered SANDS TONE-groy hard, cemented befween 
Sh SANO DNE-L ht brown te gray, portly decomposed, sort, trich/e, 0 o7f 5.0 ‘fj below LO¢t brown. weothere” 
= ~TRACT D/SPOSAL AREA- SECTION E-E LT NEED Oritled with 7-ouger SPT 30 blews/f2 tine to medium grained, massively bedded] sof, __ 
a 6600 pe OR ER ACTA OS ROSALIE EAS Me 969/20 (fh some Wer bolted mod- se/smit velocity 1600-3000 fps. friable; with occosiona/ siltstone beds, bron, Coe: 
stone.e/smic vebeity >7000fps. weathered, sof. Sersimit velocity JICW-E0CO fps. 
fa] 1,200 2000 3000 4000 4000 6000 7000 - 
e7so — | ! | | | | | | | 
ALLUVIUM- gravelly, silly sand, brown, 
medium density, loose when disturbed, : 
ory fo slightly moisten plestte.SPT/4A OH BIZ SOIL -Sifty sand, b : 
TOO — ‘ phe : Wty | brown, slightly moist 
(4 = blows/tf. Seismic velocity 2000 fps. ‘5 - medium density, SPT 30-d0 blots PE 
; Se/sane velocity 1600-3000 f/ps. 
Ne ‘iy kps 
SOIL -Sondy clay, brown, s!!ghtly moist 
cosa — por plastic Yo plastic, very stiff. SPT 
90 blows /fh Seismic veloc ty 1600-3000 fps. 
Ageroximate permest/lity 0.08 ft./yr. 
a - 
SANDSTONE- brown ,weothersed soft Sore 
600 — to moderately hard, friable, fine to a oot rr — \ MUDSTONE-brown, weathered, soft, ‘ ; 
= medium grazed, occasional layers of 5 SANDSTONE =bLrowhyeg/ fered, massively beceled. Seismic velocity OH 84-5 (Projected) 
— blue-gray, hard, cemented, bedded sand- a SANDSTONE - slight increase (0 ? partly decampos 2d, Myiym grained 4000-5009 fps. Arso/ extent D 
stone to 2¢/ thick. oppirg 2°/07 Open rock mass strength ,less friable, ~ very SOf?, ar/1/5 €254 wife 7” unknown. eee 
joints spaced 3 ft. Se/srmie velocity = probebly more cemented. Seismic auger, massive bead, SPT 20 i. 
4500-6000 fos. velocity > 7000 fps. te SOblows /f} Serie velocity Se — 6550 
#200 - 3000 fps- gproximote SAND STONE- brown, weothercd, Sol 
permesbility =F.9 lyr. soft to moderately herd Friakle, ee 
3 r = tine 4 med. grained, massive fo =e 
OEFTATRACT DISPOSAL AR A= SECTION F=f _ slab tly beked, dps 20520e7 _— Seismic velocity >7000 fos — 
Jolats spoced 3 ft gpart. — 6500 
Sefsmice velocity $500 E000 fps. 
Oo 1000 2000 3000 <#000 4000 4 6000 LEGENO 
i ! ! | | | | ————— 
——— bLthholegica! boundaries 
EG SANDSTONE- brown, weathered, partly DH 83-3 sawsen—— SeISnIa verccity boundorles 
‘cRcomposed, soft, friable, drilled with SOIL-Silfy sand, brown, slightly 
Tower. SPT 30 blows/ff- Se/smic mojst,dense.nan-plastic. SPT 22 
= velocity [600-3209 fps. bows /fK Sejsmm/c veloc’/y 1600 
To 3000 fps 
6650. — SS ss Vertical 
nee SAMO STONE: brow, partly decomposed, Scale O 50 100 150 200 Feet 
R weathered, bedded ery soft and mxterz/cly , eet el rrr 
Sd SS hord layers; Srit/e with Tauger. Seismle SO/L Sandy clay, brown, s/ightly moalst, 
Es cs veloc/fy 2000 ~3 very dense, nomplast/E; occas/o70/ Horizontal 
ie SANOS JONES brown, weathered, Selsey wen ee Ai / 20 /ps. layers of sary clay, very stiff, plastic Scale 0 250 500 750 1000 Feet 
6 gray cemented, very sof} to moderately oe with mols ture. Sel= mic velocity DH 84-5 — 6609 he et rrr} 
herd, bedded layers, fine to meziam FE Sen 1600-2000 fps a : rs 
grained, interb=d1sq4 with seme silt > y ai = : Bier PETTCCOITY 
stone, b sathered, soft Soe _— 2 3 SENS 
Seismic velocity 4000 6000 Ips ce ; SS Sees RIO BLANCO OIL SHALE PROJECT 
6550— f: : Se st — sf RIO BLANCO COUNTY, COLORADO 
— a eo Bl -——t — 6550 ’ 
we Sos en ola sale CONTRACT NO.1023 


SANOSTONE- Slight incevase, ) 4 
Mass strerqlh, protot/y ore SA, 
fess frizd/a. Seismic velocity > 50 fas. 





OFF-TRACT DISPOSAL APEA- SE TION G-G 


































SANDSTONE: brown, weathered, solf fo 

moderotely hard, fri2b/2, tine to med/im — 6500 
grained, massive to slichtly beck! =, Ip: 

20% open yornts spaced 3th. afarhy Drie 

with NX Aamord bik Selsmic velocity 

4500 -GO00O0 Yps. 
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EXHIBIT 4 


SLOPE WASH-Grovelly,3I(ty sand, light Brown, 
dry, nen -plestk.dznse , gravels subrounded fo 
engwlar; SPT 25° hone//7. Seism vebeuty 

















SLOPE WASH-S/ity send, brown, 































/ a 


SANDSTONE- Brown, weathered, messively 


—? 






6450 — SS dense, medium grined,dry to slidhtly [200-2000 fps Y/ — 64950 
a motst, noa-plestic.SPT 60 blows it. : 
S— OH WR-3 
o Proposed Dom Efevotle 6428 
6425 — ~ SANDSTONE- Weothered, portly — ca2s 
SANOSTONE- Brown, weethered, YE decomposed, brown, Soft, [rlable; 
beds 0.5 fo 2.0 ft thick, soft fo Ze YA tiled ta ca0d s1208 with Fouger. 
ES Aes AU rat Satage SLOPE WASH -Grovelly, silty ALLUVIUM- Silty sand and gravelly, i we LO blows /th Selsmic 
6d00 — oe ype we 3 ff. G ls hocit and, brown, s/1zh/y mors,slightly silty 220d, brown, morst, slightly plasft. A ¥ =e : 5 
eee ee ee EY. plastic, dense. Seismic velocity SPT 20 blows/TP Ar 7.0 ft. becomes a H ant — 6400 
z Ips. Average uncon- 1200-2000 fps. DH we-2 wet, soft, plastic Fines with Eaatis fe] =S2 =< SANDSTONE-8/uish gray, medium 
fined Compressive strenglh 2775S ps! subrpoundsd 7o roursded grolned, tare, cemented, 2' thick bed; 
‘: | gravels. Je Uae ACH Copy A EP EEO 
6375 — a: =e 
——. : C375 
2ek 2 5 SANDSTONE - Brown weathered, 
52 medium grained. massively bettef 
6350 — = ee - ww sort, frickle Seismic velacity €500 
3.0" 2 {== a fo 10,000 fps. Unconfinedcompressive — 6350 
/ a= strength JOSS ps/. 












beled to slightly bekked medium grained, 
6325 — off. friable, dips $°-/5 "toward Corra/ Gukh; 
open Joints Spoced OF overage, Se/smict 4 SANDSTONE -Greenrsh gray, medium fo 
velocity 5560-10200 Ips. Average unconfined ” coarse groiwned, soft, tricble , massively 
( compressivd strength Z850 ps/. CEA bedded with ttn interbeds of fine 
a < TONE-Greeni' , D grained sardsfore ond si/tsfore; jolars 
6300 =~ Ne bs] Ros RCL SCL ISUIY. radio “Mpping 50-60" scaced / £2 apart average. —6300 


grained, beds dip 2°-3° soft, friatrz; 


scottered, thin siltstone beds. Average uncontined compressive strerg/h 1960 psi- 


Ole ; — 6275 


S ?7— —__ 


SANDSTONE -Gray, -o/0 
hekled, medium grained, 
Moderately hard, dips 10". 


Lj—— —> 






WATER QUALITY CONTROL DAR-SECTION H-H 



















6a7s — A 
a SLOPE WASH- Gravelly, silty, sand 
co SS dense dry to Me) mo/sr.nomplastic; 
i oS Sefsmic velocity /Z00-2000 fps. 
6450 — Sas 
Se/smic veloc'ty ZO000- . SANOSTONE- Brow, Withered, slight 
64zs5 — 3000 fps. SS : bedled to massively beddedpads 0.5 79 5.0 — 64925 ECENO 
SS © tt thick, dip $°701/0° fowsh Ye/faw Crk, 
% softto moderctely hard, iy grained. ——  Litholog/ca/ boundaries 
Seismle velocity #500- o, Seles Yee phic ALG and ———  Selsmic velocity bounceries 
2 amount of weather) a ty 
64006 — 6500 Ips. SS Ne sondsfone. es peaiiagey 7 — 6400 
Seismic velocity >7000 fps. XN 
a , Vertical 

6375 < \ Yesow Ceeek — 6375 Scale 0 25 50 75 100 Feet 

NOTE-No drilling was dene in the \ x Herizentc) 
c350 — Spillway area. 
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SPILLWAY - SECTION T-T 
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